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ELECTRICITY. 
+ 


NEW EXPERIMENTS IN ELECTRICITY» 


| HE laws of Electricity, together wii 
the experiments neceſſary for their 
demonſtration, having already been deſcribe 
ed, in as compendious a manner ascould be 
done without obſcurity, I ſhall, in the laſt 
Part of this Work, relate ſuch new experi- 
ments and obſervations as I have made at 
different times, principally with a view to 
diſcover, if poſſible, the unknown cauſe of 
ſeveral electrical phenomena, eſpecially thoſe 
relative to atmoſpherical Electricity. 
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8 The firſt inſtrument that I made uſe of to 
obſerve the Electricity of the atmoſphere, 
was an electrical kite, which I had conſtruc- 
ted, not with a view to obſerve the Electri- 
city of the air; for this, I thought, was 
very weak, and ſeldom to be obſerved ; but 
as an inſtrument which could be occaſio- 
nally uſed in time of a thunder-ſtorm, in 
order to obſerve the Electricity of the clouds. 
The kite, however, being juſt finiſhed, to- 
| gether with its ſtring, which contained a 
braſs wire through its whole length, I raiſed 
it on the 31ſt of Auguſt 1775, at ſeven of the 
clock in the afternoon, the weather being a 
little cloudy, and the wind juſt ſufficient for 
the purpoſe. The extremity of the ſtring 
being inſulated, I applied my fingers to it; 
which, contrary to my expectation, drew 
very vivid and pungent ſparks : I charged a 
coated phial at the ſtring ſeveral times, but 
1 did not then obſerve the quality of the 
Electricity. This ſucceſsful experiment 
induced me to raiſe the kite very often, and 
to keep it up for ſeveral hours together; 
thinking that if any periodical Electricity, 
or any change of. its quality, took place in 
the A Ins it ** very probably be 
diſcovered 
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diſcovered by this inſtrument. In the fol- 


lowing two Chapters I ſhall deſcribe the 


conſtruction of the electrical kite, with its 
appurtenances; and ſhall tranſcribe the 
moſt remarkable part of my journal relative 
to the kite; i. e. deſcribing ſuch experi- 
ments only as arg moſt remarkable, and do 
not happen very commonly ; for although 
I have uſed my kite ſometimes ten, and 
more times in a week, and at any hour of 
the day or night, yet as the greateſt part of 
thoſe experiments are only of uſe to con- 
firm a few laws of atmoſpherical Electri- 
city, I ſhall omit their particular detail, 
and ſhall only ſubjoin thoſe laws at the end 
of the ſecond 1 85 


; * 
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The Conftrutiin of the. chfArical Kite, and 
© . other Inſtruments uſed with it. 


HE firſt clerical kite that 195 

ſtructed, was ſeven fees high; and 
it was made of paper, with a ſtick or ſtraiter, 
and a cane-bow, like the kites commonly 
uſed by ſchool-boys, On the upper part 
of the {traiter I fixed. an, iron, ſpike, pro- 
jecting ahout a foot above the kite, W ich 
I then thought was abſolutely neceſſary, to 
colle& the Electricity; and I covered the 
paper of the kite with turpentine, in order 
to defend it from the rain. This kite, per- 
fect as I thought it to be in its conſtruction, 
and fit for the experiments for which it was 


intended, ſoon manifeſted its imperfections, 


and, after being raiſed a few times, it be- 
came quite unfit for farther uſe ; it being 


ſo large, and conſequently heavy, that it 


could not be uſed, except when the wind 


Was ſtrong and then, after much trouble 


i 2 _— 8 1 ng” in ; 
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in raiſing and drawing it in, it often receiv- 
ed ſome damage: which ſoon obliged me 
to conſtruct other kites upon a different 
plan, in order to aſcertain which method 
would anſwer the beſt for my purpoſe. I 
gradually leſſened their ſiae, and varied their 
form, till I obſerved, upon trial, that a com- 
mon ſchool- boy's kite was as good an elec- 
trical kite as mine. In conſequence of 
which, I conſtructed my kites in the moſt 
ſimple manner, and in nothing different 
from the children's kites, except that I co- 
vered them with varniſh, or with well- 
boiled linſeed-oil, in order to defend them 
from the rain; and I covered the back part 
of the ſttaiter with tin- foil, which, how 
ever, has not the leaſt power to inertaſe its 
Electricity. I alſo furniſh the upper extre- 
mity of the ſtraiter with a ſlendet wire 
pointed, which, in time of a thunder. ſtorm, 
may perhaps draw the Electricity from tlie 
clouds ſomewhat more effectually; but in 
general, I find, as it will appear in the ate 
count of the experiments, that it does not 
in the leaſt affect the Electricity at the ſtring. 
The kites that I generally have uſed are 
about: four feet high; and little above two 


18! | B 3 feet 
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feet wide. This ſize, I find, is the moſt 
convenient, becauſe it renders them eaſy to 
be managed, and, at the ſame time, they 
can draw a ſufficient quantity of ſtring.” As 
for ſilk or linen kites, they require a good 
deal of wind to be raiſed ; and then they 
are not ſo cheap, nor ſo eaſy to be made, 
as paper kites are. The ſtring ſometimes 
'breaks, and the kite is loſt, or broken ; for 
which-reaſon theſe kites ſhould be made as 
cheap and as ſimple as poſſible. 


The ſtring is the moſt material part of 
this apparatus; for the Electricity produced 
is more or leſs, according as the ſtring is a 
better or a worſe Conductor. The ftring 
which I made for my large kite, confiſted 
of two threads of common twine, twiſted 
together with a braſs wire between the 
. ſtrands. This ſtring ſerved very well for 

.two or three trials; but, on examination, I 

ſoon found, that the wire in it was broken 
in many places, and it was continually 
ſnapping ; the metallic continuation, there- 
fore, being ſo often interrupted, the ſtring 
became ſoon ſo bad, that it acted nothing 
better than common twine without a' wire. 


] at- 
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I attempted to mend it, by joining the brok- 
en pieces of wire, and working into the 
twine another wire, which proved a very 
laborious work ; but the remedy had yery 
little effect, the wire breaking again after 
the firſt trial; which determined me to 
adopt other methods: and, after ſeveral ex- 
periments, I found that the beſt ſtring was 
one, which I made by twiſting a copper 
thread“ with two very thin threads of 
twine. Strings like this I have uſed for the 
greateſt part of my experiments with the 
kite, and I find them to be exceedingly 
uſeful, and fit for the purpoſe. Silver or 
gold thread would do much better to twiſt 
with the twine, - becauſe they are much 
thinner than copper thread, and, in conſe- 
quence, the ſtring would be much lighter ; 
but, at the ſame time, it is to be confidered, 

that gold or ſilver thread is oY dearer 
than copper thread, NS at 


I have attempted to render the twine a 
good Conductor of Electricity, by cover- 


I mean ſuch a thread of copper as is uſed for trim- 
mings, &c. in imitation. of gold threadzz which are 
nothing more than ſilk, or linen GY covered with 


N ing 


„ 
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ing it with conducting ſubſtances ; as 
lamp- black, powder of charcoal, very fine 
emery, and other ſubſtances, mixing them 
with diluted gum- water; but this method 
improves the ſtring very little, and ſor a 
very ſhort time; for the ſaid conducting 
ſubſtances are ſoon rubbed off the twine. 
Mr. Narrnet informed me, that he had 
uſed to ſoak the ſtring of his electrical kite 
in a ſtrong ſolution of ſalt, which rendered 
it a good Conductor, fo far as it attracted 
the moiſture of the air, In conſequence of 
this information, I ſoaked in falt-water 
a long piece of twine, and, by raifing a 
kite with it, I found that it conducted the 
Electricity pretty well; but I thought it 
much inferior to the above-deſcribed ſtring. 
with the copper thread: befides, the ſalted 
ſtring i in wet weather not only leaves part 
of the · falt upon the hands of the operator, 
and, in conſequence, renders them unfit to 
manage the reſt of the apparatus, but it 
marks a white ſpot wherever it touches the 
clothes, 


la nildg OY kite when the wade is 


very cloudy and & in which 455 


danger of receiving any ſhock ; fit for the 
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there is fear of meeting with great quan- 
tity of Electricity, I generally uſe to hang 
upon the ſtring A B, fig. 9. Plate IV. the 
hook of a chain C, the other extremity of 
which falls upon the ground. Sometimes 
I uſe another caution befides, which is; to 
ſtand upon an inſulating ſtool ; in whick 
ſituation I think, that if any great quan- 
tity of Electricity, ſuddenly diſcharged by 
the clouds, ſtrikes the kite; it cannot affect 
much my perſon. As to inſulated reels; 
and ſuch-like inſtruments, that ſome gen- 
tlemen have uſed to raiſe the kite, without 


purpoſe as they may appear to be in theory, 
they are yet very inconvenient to be mana- 
ged. Except the kite be raiſed in time of 
a thunder-ſtorm, there is no great danger 
for the operator to receive any ſhock. . Al- 
though I have raiſed my electrical kite hun- 
dreds of times without any caution what< 
ever, I have very ſeldom received a few 


_ exceedingly flight ſhocks in my arms. In 


time of a thunder-ſtorm, if the kite has not 
been raiſed before, I would not adviſe a 
perſon to raiſe it while the ſtormy clouds 


we Ju ovethead ; the danger in ſuch time 
being 
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being very great, even with the precautions 
above-mentioned: at that time, without 
. raiſing the kite, the Electricity of the clouds 
may be obſerved by a cork-ball electrometer 
held in the hand in an open place; or, if it 
rains, by my electrometer for the rain; 

which will be deſcribed hereafter. 


When the kite has been raiſed, I gene- 
rally. introduce the ſtring through a win- 
do in a room of the houſe, and faſten it 
to a ſtrong filk lace, the extremity of 
which is generally tied to a heavy chair in 
the room. In fig. 8. of Plate III. AB re- 
preſents part of the ſtring of the kite 
which comes within the room; C repre- 
ſents the ſilk lace; DE, a ſmall prime 


Conductor, Which, by means of a ſmall 


wire, is connected with the ſtring of the 
kite; and F repreſents the quadrant elec- 
trometer, fixed upon a ſtand of glaſs co- 
vered with ſealing- wax, which I uſed to 
put near the prime Conductor, rather than 


to fix it in a hole upon the Conductor, be- 


cauſe the ſtring AB ſometimes ſhakes. ſo 
as to pull the prime Conductor down; in 
which caſe: the quadrant. electrometer re- 
RD | mains 
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mains ſafe upon the table; otherwiſe it 
would be broken, as I have often expe- 
| rienced before I thought of this method. 
G repreſents a glaſs tube, about eighteen 
inches long, with a knobbed wire  ce- 
mented to itsextremity; with which inſtru- 
ment I uſe to obſerve the quality :of the 
Electricity, when the ' EleQricity of the 


kite is ſo ſtrong that I think it not ſafe to 


come very near the ſtring. © The method 
is as follows :—I hold the inſtrument by 
that extremity of the glaſs tube which is 
the fartheſt from the wire, and touch the 
ſtring. of the kite with the knob of its 
wire, which, being inſulated, acquires a 
ſmall quantity of Electricity from it; 
which is ſufficient to aſcertain its quality 
when the knob of the inſtrument is brought 
near an electrified electrometer. 


Sometimes, when I raiſe the kite in the 
night-time, out of the houſe, and where Thave 
not the convenience of obſerving the quality 
of its Electricity by the attraction and repul- 


ſion, or even by the appearance of the electric 
light, I make uſe of a coated phial, which 


I can charge at the ſtring, and, when charg- 
| 1022, ee 


& 


———— — 
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ed, put it into my pocket; wherein it will | 
keep charged even for ſeveral hours * By 7 
making uſe of this inſtrument, I am obliged 
to keep the kite up no longer than is neceſ- 
fary to charge the phial, in order to obſerve 
the quality of the Electricity in the atmo- 
ſphere,; for after the kite has been drawn in 


- * The conſtruction of this phial is as follows :— 

Beſides the coating of the inſide and outſide, that this 

phial has, like any other of the ſame kind, a glaſs tube, 

open at both ends, is cemented into its neck, and pro- 

ceeds within the phial, having a fmall wire faſtened to 
its lower extremity, which touches the inſide non-elec- 
trie coating. The wire with the knob of this phial is 
cemented into another glaſs tube, which is near] y twice 
as long, and ſmallerthan the tube cemented into the neck 
f 6f the phial. The wire is cemented fo, that only its 
knob projects out of one end, and a ſmall length of it 
gut of the other end of the tube, If this piece with the 
wire be held by the middle of the glaſs tube, it may be 
put in or out of the tube which is in the neck of the phi- 
al, ſo as to touch the ſmall wire at the lower extremity 
of it, and that without diſcharging the phial, if it is 
i þ charged. 1 have kept ſuch a phial charged for ſix weeks 
| together ; and probably it would. keep much longer; 
if it were to be tried, The ingenious young Electrician 
may make uſe of ſuch a phial for ſeveral. diverting pur- 
poſes The piece of glaſs which ſerves to hold the wire 
ws rather better to be fixed above than below the 
In this caſe, the ball is perfotated quite through, 


IF the wire projects a ſhort way aboys it; to/which 
the glaſs tube is cemented, 
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and brought home, ws 
Electricity of the inſide of the phial,, which 
is the ſame as that of the kite. 


When the Electricity of the kite is very 
ſtrong, I fix a chain, communicating with 
the ground, at about fix inches . diſtance 
from the ſtring; which may carry off ite 
Electricity, in caſ@that this ſhould increaſe 
ſo much «4.00 * the N 1 
ſh 54155213 


" Bekdes the 3 actin; I 
hon occaſionally uſed ſame other inſtru- 
ments, which I have often varied. accords 
ing as ſome particular experiments requi- 

red; but, as they are of no great conſe- 
| quence, I ſhall omit to deſcribe them. It 
is only neceffary, before I enter into the 
narration of the principal experiments 
performed with the kite, to give an idea of 
the ſtandard of my quadrant ele&rometer ; 
which may, very probably, ſhew the ſame 
intenſity of Electricity under a number of 
degrees different from the other inſtrument 
of the ſame kind. When the kite is flying, 
and the apparatus is diſpoſed as in fig. 8. of 
4 5115 Plate 
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Plate III, I bring, under the extremity E 
of the prime Conductor, a little bran, held 
upon a tin plate, and obſerve, that when the 
index of the electrometer is at ten degrees, 
the prime Conductor begins to attract the 
bran at the diſtance of about three- fifths of 
an inch; when the index is at twenty de- 
grees, the prime Conductor attracts the 
bran at the diſtance of aBout one inch and a 
quarter; when the index is at thirty de- 
grees, the bran begins to be attracted at the 
diſtance of two inches and one-fifth. Theſe 
diſtances vary, as the weather changes its 
degree of dryneſs ; but in froſty weather I 
obſerve them conſtantly as aboye. 
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Experiments performed with the electrical 
Kite. 


Eptember the 2d, 1775. The weather 
being very cloudy, and actually rain- 
ing, the kite was raiſed at eight o'clock 
P. M. with two hundred yards of ftring, 
which had a braſs wire through its whole 
length. The wind was from the ſouth and 
very ſtrong. The Electricity at the ſtring 
was negative, and juſt ſufficient'to charge a 
half-pint phial fo as to give a ſhock ſenſible 
to the elbows, The kite, after being up 
for about one hour, fell to the ground, hav- 
ing its paper, which was not properly var- 
niſhed, almoſt entirely torn off by the vio- 
lence of the wind and the rain, 


4 September the 14th. The kite was 
raiſed with a ſtrong north wind at half paſt 
three P. M. The Electricity was poſitive, 

and 


* 
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and pretty ſtrong, the index of the electro- 
meter being generally about 20%. The 
weather was rather cold, and very thick 
clouds were gradually approaching the ze- 
nith. The kite was pulled down at half 
_ four P. M. 


2 B. At 2 che aurora borealis was 
very ſtrong, and ſeveral flaſhes of lightning 
were ſeen near the horizon towards the 


September the 23d. A ſmall kite was 
raiſed at half paſt ten o clock in the morn- 
ing, and it was kept up for eleven hours 
ſucceſſively, viz. till half paſt nine P. M. 
The ſtring, which was only a common 
twine, without a wire, was conſtantly elec- 
trified poſitively, although i in a very ſmall 
degree. About nine o'clock the Electri- 
city appeared ſtronger, ſo that a ſmall phi- 
al, charged at the ſtring, gave a pretty ſen- 
fible ſhock. The weather was very clear, 
and warm; but i in the night no aurora bo- 


+ '®/ The index of the eleftrometer in general riſes 
- higher or falls lower, according as the kite comes 
- © Nearer to, or goes farther from the zenith; the length 
bf the firing remaining the ſame. - 


 realis, 


K 
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realis, or any other electrical appearance, 
was perceived. The wind was eaſt by 
ſouth, and ſo weak that the kite was kept 
up with great difficulty. 


October the icth, 1775. The weather 
being clear, and the wind blowing ftrong 
from the ſouth weſt, the kite was raiſed at 
eleven o'clock A. M. with ninety yards of 
ſtring, which had a copper thread twiſted 
in * The wind, during the experiment, 
increaſed and decreaſed ſeveral times ; and 
the Electricity, which was poſitive, as it 


appeared by the index of the electromęter, 


alſo increaſed and decreaſed. At noon the 
violence of the wind cauſed the kite to fall. 
At half paſt four o'clock, the wind being a 
little more moderate, the kite was' raiſed 
again. The Electricity was alſo poſitive, 
and ſeemed rather ſtronger than it had been 
in the morning. The weather at this time 
was cloudy; the clouds appearing much 
thicker near the horizon than about the 


zenith. The kite was pulled down at half 


Such ſtring as this was uſed in all the following 
experiments. 
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paſt five o'clock, and at half after ſeven 
was raiſed again; every phenomenon con- 
tinuing the ſame. At eight o'clock, while 
I was pulling the kite in, I inſulated the 
ſtring when only thirty- five yards of it 
were out, and was ſurpriſed to find, that 
now the Electricity was as ſtrong as it had 
been, when all the ſtring was out, which 
was ninety. yards long. It muſt however 
be remarked, that at this time a few flaſhes 
of lightning were ſeen among the clouds, 
which were pretty thick about the horizon. 
At a quarter paſt eleven o'clock the kite 
was raifed again, which was the fourth 
time of raiſing it that day; the weather 
then being very clear, and the wind the 
ſame as in the afternoon, The Electricity 
was very weak, but conſtantly poſitive. 
The kite was pulled down, after having 
been up a few minutes only, 


October the 16th. At about two P. M. 
a thick fog being juſt cleared up, the wea- 
ther became clear, and the wind began to 
blow from the ſouth- ſouth-weſt. The kite 
was raiſed with one hundred and twenty 
yards of ſtring, and it was kept up no 
i longer 


-» 
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longer than a quarter of an hour. The 
Electricity was poſitive, and pretty ſtrong ; 
the index of the electrometer being about 
15˙. At half paſt three o'clock the kite 
was raiſed again, the weather being very 
little cloudy. At half paſt four o'clock 
the clouds became very thick, and in a 
ſhort time it began to rain, which increaſed 
the Electricity of the kite, without chang- 
ing its quality; the index of the electro- 
meter arriving to 20%. The kite was pul- 
led down at five o'clock. 


October the 18th. After having rained 

a great deal in the morning, and night be- 
fore, the weather became a little clear in 
the afternoon, the clouds appearing ſepa- 
rated, and pretty well defined. The wind 
was weſt, and rather ſtrong, and the at- 
moſphere in a temperate degree of heat. 
In theſe circumſtances, at three P. M. I 
raiſed my electrical kite with three hun- 
dred and ſixty feet of ſtring. After that 
the end of the ſtring had been inſulated, 
and a leather-ball, covered with tin-foil, 
had been hung to it, I tried the power 
and quality of the Electricity, which ap- 
C 2 3 
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peared to be poſitive, and pretty ſtrong. In 
a ſhort time a ſmall cloud paſſing over, the 
Electricity increaſed a little; but the cloud 
being gone, it decreaſed again to its former 
degree, The ſtring of the kite was now 
faſtened by the filk lace to a poſt in the 
yard of the houſe wherein I lived, which 
was fituated near Iſlington, and I was re- 
peatedly charging two coated phials, and 
giving ſhocks with them :—while I was fo 
doing, the Electricity, which was ſtill poſi- 
tive, began to decreaſe, and in two or thr 
minutes time it became ſo weak, that it 
could be hardly perceived with a very ſen- 
ſible cork-ball electrometer. Obſerving at 

the ſame time that a large and black cloud 

was approaching the zenith (which, no 

doubt, cauſed the decreaſe of the Electri- 

city) indicating imminent rain, I introdu- 

ced the end of the ſtring through a window, 
in a firſt-foor room, wherein I faſtened 

it by the filk Jace to an old chair, The 

quadrant electrometer was ſet upon the 

fame window, and was, by means of a wire, va 
connected with the ſtring of the kite. Be- 
ing now three quarters of an hour after 
three o'clock, the Electricity was abſo- 
lutely 
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lutely unperceivable ; however, in about 
three minutes time, it became again per- 
ceivable, but now upon trial was found to 
be negative; it is therefore plain, that its 


dently occaſioned by the approach of the 


alſo had begun to fall in large drops. The. 
cloud came farther on z the rain increaſ- 
ed, and the Electricity keeping pace with 


Seeing now, that the Electricity was pretty 
ſtrong, I began again to charge the two 
coated phials, and to give ſhocks with 
them ; but the phials had not been charged 
above three or four times, before I per- 
ceived that the index of the electrometer 
was arrived to 35*, and was keeping fill 
| increaſing. The ſhocks now being very. 
: ſmart, I deſiſted from charging the phials 
e any longer; and, conſidering the rapid ad- 
vance of the Electricity, thought to take off 


— e inſulation of the ſtring, in caſe that if 
Jy it ſhould increaſe farther, it might be filent- 
— y conducted to the earth, without cauſing 
y | C 3 any 


ſtopping was nothing more than a change. 
from poſitive to negative, which was evi- 


cloud, part of which by this time had 
eached the zenith of the kite, and the rain 


it, the electrometer ſoon arrived to 1 5*.: 


; 
| 
| 
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any bad accident, by being accumulated in 
the inſulated ſtring. To effect this, as I 
had no proper apparatus near me, I thought 
to remove the filk lace, and faſten- the 
ſtring itſelf to the chair ; accordingly, I diſ- 
engaged the wire that connected the elec- 
trometer with the ſtring ; laid hold of the 
ſtring; untied it from the filk lace, and 
faſtened it to the chair; but while J effected 
this, which took up leſs than half a minute 
of time, I received about a dozen, or fifteen, 
very ſtrong ſhocks, which J felt all along 
my arms, in my breaſt, and legs; ſhaking 
me in ſuch a manner, that I had hardly 
power enough to effect my purpoſe, and to 
warn the people in the room to keep their 
diſtance. As ſoon as I took my hands off 
the ſtring, the Electricity (in conſequence 
of the chair being a bad Conductor) began 
to ſnap between the ſtring and the ſhutter 
of the window, which was the neareſt body 
to it. The ſnappings, which were audible 
at a good diſtance out of the room, ſeemed 
firſt ifochronus with the ſhocks which 1 
had received, but in about a minute's time, 
oftner ; ſo that the people of the houſe com- 
"a their ſound to the rattling noiſe of a 

| Jack ; 
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jack going when the fly is off. The cloud 
now was juſt over the kite; it was black, 
and well defined, of almoſt a circular form, 
its diameter appearing to be about 40* ; the 
rain was copious, but not remarkably 
heavy. As the cloud was going off, the 
electrical ſnapping began to weaken, and in 
a ſhort time became unaudible, I went 
then near the ſtring, and finding the Elec- 
tricity weak, but till negative, I inſulated 
it again, thinking to keep the kite up ſome 
time longer ; but obſerving that another 
larger and denſer cloud was approaching 
apace towards the zenith, as I had then 
no proper apparatus at hand, to prevent 
every poſſible bad accident, I reſolved to 
pull the kite in; accordingly a gentleman, 
who was by me, began pulling it in, while 
I was winding up the ſtring. The cloud 
was now very nearly over the kite, and the 
gentleman, who was pulling in the ſtring, 
told me, that he had received one or two 
flight ſhocks in his arms, and that if he 
were to feel one more, he would certainly 
let the ſtring go; upon which I laid hold of 
the ſtring, and pulled the kite in as faſt as I 

| | C 4 | could, 
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could, without any farther obſervation ; 
being then ten minutes after four o'clock, 


N. B. There was neither thunder or 
lightning perceived that day, nor indeed for 
ſome days before or afterwards, 


November the 8th, 1775. The wind 
being north-weſt, and juſt ſufficient, the 
kite was raiſed at three quarters paſt eleven 
A. M. with one hundred and twenty yards 
of ſtring. The Electricity was poſitive, 
and weak, the weather being cloudy. At 
noon the clouds grew thicker, and the 
Electricity quite vaniſhed ; however, in a 
few ſeconds it returned, and from this 
time it evidently kept increaſing and de- 
creaſing, according as the clouds became 
thinner or thicker. At forty minutes after 
one o'clock the Electricity vaniſhed again; 
a thick cloud then covering almoſt the 
whole hemiſphere ; but as alittle rain be- 
gan to fall, the Electricity returned, and it 
was ſtill poſitive. At three quarters paſt 
three o'clock the clouds began to grow 
thin, and the Electricity increaſed a little; 
but at this time I was obliged to pull the 

| kite 


= 
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kite in. The index of the electrometer in 
this experiment ſeldom arrived to 6*, 


November the 16th. The weather be- 
ing very clear and froſty, the kite was raiſ- 
ed at a quarter paſt ten A. M. with one 
hundred and twenty yards of ſtring. The 
Electricity was poſitive, and pretty ſtrong, 
the index of the ele&rometer going from g* 
to 15*; railing as the wind blew ſtronger, 


and the kite was more elevated, and vice 


verſa. At a quarter paſt three o'clock the 
wind, which was north- north- weſt, intirely 


failing, the kite fell. 


November the 17th. The weather be- 
ing exceedingly damp, and the fog ſo denſe, 
that the houſes at about a quarter of a mile 
diſtance could not be diſtinguiſhed, the 
kite was raiſed at two P. M. with one hun- 
dred and ten yards of ſtring, while it was 


| raining, but very little. The Electricity 
| was poſitive, and ſo weak that the cork- 
| balls of an ele&rometer diverged about 


three quarters of an inch. The wind be- 


ing very violent, I was obliged to pull the 


kite in, after having been up for about five 
minutes, 
. December 
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December the 5th, 1775. The weather 
being equally cloudy, and the wind weſt 
by north, and hardly ſufficient, the kite was 
raifed at a quarter paſt three P. M. with 
one hundred and twenty yards of ſtring. 
The Electricity was poſitive, and fo weak 
as to cauſe the cork-balls of an electrometer 
to diverge about an inch. At a little after 
four o'clock the kite was pulled in; and at 
eight o'clock in the evening it was raiſed 
again. At this time the Electricity was 
much ſtronger than in the afternoon, but 
conſtantly poſitive. The weather clearing 
up, the clouds were driven away by the 
wind, which was now a little ſtronger 
than in the afternoon. At forty minutes 
after eight o'clock the ſky was clear, the 
moon and ſtars appearing very bright ; ex- 
cept that a few thin clouds were yet to be 
ſeen near the horizon. The index of the 
electrometer was now going from 15 to 
- 20%. At ten minutes after nine o'clock the 
kite was drawn in. | 


N. B. No aurora borealis was to be 
ſeen. a 


December 


% 
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December the 2oth. The weather be- 
ing cloudy and hazy, the kite was raiſed at 
three quarters after ten o'clock A. M. with 
one hundred and forty yards of ſtring. 

The EleQricity was poſitive, and pretty 
| ſtrong, the index of the electrometer going 
from 16* to 21*. At half paſt one P. M. 
the weather growing a little clearer, I pul- 
led the kite down ; and, after having inter- 
poſed a ſilk ribband between its loop and 
the extremity of the ſtring, ſo as to inſu- 
late the kite, I raiſed it again with the ſame 
length of ſtring ; and, after I had inſulated 
the lower extremity of the ſtring, I ob- 
ſerved that the intenſity of the Electricity, 
as it appeared by the index of the elec- 
trometer, was, as nearly as could be de- 
termined, the ſame as before, i. e. when 
the kite was not inſulated with reſpe& to 
the ſtring. 


At two o'clock P. M. I pulled the kite 
down, and found, upon obſervation, that the 
filk ribband had contracted no moiſture, ſo 
that the kite was perfectly inſulated by it. 
This experiment of inſulating the kite I 
have often repeated at other times, and 
bare 
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have always met with the ſame ſucceſs ; 
hence it appears, that it is the ſtring, and 
not the kite, which in general collects the 
Electricity from the air. The kite there- 
fore in general is only uſeful to extend the 
ſtring high into the open air. 


January the 4th, 1776. The froſt hav- 
ing been very hard during the day and night 
before, the wind began to blow very ſtrong 
from the ſouth at two o'clock A. M. which 
occaſioned a ſudden; thaw and a copious 
rain. At eight o'clock A. M. at which 
time the kite was raiſed, the hemiſphere 
appeared like a uniform dark canopy, un- 
der which ſeveral ſmall, irregular, and 
darker clouds were running very faſt ; the 
rain was conſtant, but not remarkably 
heavy. As ſoon as the ſtring of the kite 
was inſulated, the Electricity, which was 
negative, began to ſnap from it, to the 
ſhutter of the window and other bodies 
near; the index of the electrometer arrived 
to 40% and it would have certainly gone 
farther, if the apparatus had been drier; 
but the air was ſo damp, that it was almoſt 


impoſſible 'to Keep any part of the appara- 
| tus 
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tus ſufficiently free from moiſture. The 
Electricity, however, gradually decreaſed, 
ſo that at ten o'clock A. M. at which time 
the kite was pulled in, the index of the 
electrometer was at a little above 12% The 
coated phials in this experiment were 
charged ſurprifingly quick ; three or. four 
ſeconds of time being ſufficient to charge 
two half-pint phials completely. 


January the 11th. The ground was 
covered with ice and ſnow, and the atmo- 
ſphere was ſo hazy, that the houſes at a 
mile diſtance could not be perceived. The 
wind was ſouth-eaſt by ſouth, and juſt ſuf- 
ficient to raiſe the kite, which was raiſed 


at three o'clock P. M. with one hundred 


and twenty-four yards of ſtring, and kept 
up till half an hour after midnight. When 
the kite was firſt raiſed. it began to thaw, 
but as ſoon as it was dark it began to freeze 
| again very hard. The Electricity was po- 
ſitive, and pretty ſtrong, the index of the 


electrometer being about 13%. At half paſt - 


four o'clock I let out thirty- four yards 
more of ſtring, ſo that all the ſtring the kite 
now had, was one hundred and fifty-eight 

yards. 
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yards. With this addition of ſtring the 
Electricity increaſed, ſo that the index 
of the eleftrometer arrived to 17% At 
half after five o'clock the wind began to 
increaſe, and the Electricity to decreaſe, 
until the index of the electrometer arrived 
to 6*, At three quarters paſt fix o'clock 
the index of the electrometer was about 
13, and at ſeven o'clock it arrived to 20 
the wind being now quite eaſt, At a 
quarter paſt ſeven o'clock the index of the 
electrometer was about 25. From this 
time the wind and the Electricity began 
both to decreaſe, fo that at nine o'clock the 
index of the electrometer was about 10%. 
At eleven o'clock the wind increaſed. At 
twelve o'clock the wind was very ſtrong, 
and the index of the electrometer was 
about 6*. At half paſt twelve o'clock the 
index of the electrometer was between 3˙ 
and 4*; but the wind being grown very 
violent, the ſtring broke very near the 
window, and was loſt with the kite. 


N. B. A few minutes -fter the kite was 
loſt, it began to ſnow copiouſly. 


January 
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January the 26th. The froſt being very 
intenſe, as it had been for about three 
weeks, and actually ſnowing, I raiſed the 
kite, with ſeventy yards of ſtring ; but be- 
fore the ſtring was inſulated, it ceaſed to 
ſnow, and the weather began to clear up, 
and ſoon became very ſerene. The Elec- 
tricity was poſitive, and very ſtrong, the 
index of the electrometer being about 42% 
At eleven o'clock the ſtring broke, and the 
kite fell, after having been up for above 
three quarters of an hour, 


February the 17th, 1776. The weather 
being cloudy, rainy, and ſo hazy, that the 
houſes at half a mile diſtance could not be 
diſcerned, the kite was raiſed at three 
quarters paſt eleven o'clock A. M. with 
one hundred and ſeventy-five yards of 
ſtring. The wind was pretty ſtrong ; the 
Electricity was negative, and alſo ſtrong ; 
the index of the electrometer being about 
20%. In about five minutes time the rain 
ceaſed, the wind weakened, and ſhifted a 
little towards the ſouth ; and the Electri- 
city changed from negative to poſitive. 
The index of the clectrometer was now 
= about 
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about 15% In two or three minutes time, 
it began to rain again, and continued ſo 
for the greateſt part of that day; the wind 
became very weak, and the Electricity 
changed again from poſitive to negative, 
and continued- ſo till half an hour after 
noon ; at which time the wind became fo 
weak that I was obliged to pull the 
kite in. 


February the 19th. The ſky being full 
of pretty well defined clouds, and the 
wind weſt-north-weſt, the kite was raiſed 
at half paſt three o'clock P. M. with one 
hundred and ſeventy-five yards of ſtring. 
The Electricity was poſitive and ſtrong, 
the index of the electrometer going from 
10? to 20, At three quarters paſt three 
o'clock a denſe cloud paſſed over the kite, 
which occaſioned the index of the electro- 
meter to deſcend to 4*. As the cloud 
went away, the electrometer elevated its 
index. At four o'clock the kite was 
pulled down. . 


April the 8th, 1776. The weather was 
clear, and the northern light very ſtrong, 
D The 


oO 
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The kite was raiſed for a few minutes at 
nine o'clock P. M. with one hundred and 
ſeventy-five yards of ſtring, the wind 
being north - north- weſt, and pretty ſtrong. 
The Electricity was poſitive, and, as L 
could judge, the index of the electrometer 
would have arrived to 1 5*, 


May the 1 rs 1776. The weather. 
being cloudy, and the wind north, the kite 
was raiſed at three o'clock P. M. with one 
hundred and ſeventy yards of ſtring. The 
Electricity was at firſt execedingly weak, 


and, as I imagine (for I had not time to 


examine it) poſitive. But a denſe cloud 
paſſing over the kite, the Electricity va- 
niſhed ; and, as a few drops of rain fell, a 
very weak negative Electricity appeared, 
which ſoon increaſed, ſo as to cauſe the 
index of the electrometer to arrive to 155. 
The rain, however, in a few minutes 
ceaſed, and the Electricity gradually de- 
creaſed and vaniſhed, A very weak poſi- 
tive Electricity immediately took place; 
but, as another denſer cloud paſſed over, 


and a few very ſmall drops of rain fell, the 


poſitive Electricity vaniſhed, and the ne- 
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gative took place. The cloud and rain 
ſoon went off, and the Electricity became 
again poſitive, and continued ſo till the 
kite was pulled down. According as the 
clouds, which paſſed continually over the 
kite, were thinner or thicker, ſo the Elec- 
tricity was more or leſs intenſe ; ſometimes 
cauſing the index of the electrometer to 
arrive to 5, and at other times being ſcarce 
perceivable with the cork-ball electrometer. 
At five o'clock the kite was pulled in, the 
weather being then pretty clear, and the 
index of the electtometer at q*. The wind, 
during this experiment, was ſtronger or 
weaker, according as the clouds which 
paſſed * over were thicker or thinner. At 
half paſt ſeven o'clock in the evening of 
the fame day, the kite was raiſed again, 
with the fame length of ſtring, the wind be- 
ing ' then rather ſtrong, and the weather 
pretty clear. The Electricity was poſitive, 
and the index of the electrometer ſtood at 
10; | but as ſome clouds came from the 
north, the Electricity began to decreaſe, and 
by eight o'clock it juſt ſeparated the balls 
of an electrometer, the hemiſphere being 
then entirely covered by clouds. At half 
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paſt eight o'clock the kite was pulled down, 
the clouds over the kite being then very 
thin, and the index of the electrometer 
at 5". 


June the 4th, 1776. The weather being 
cloudy, and the wind on the ſouth- ſouth- 
welt, the kite was raiſed at one o'clock 
P. M. with one hundred and ſeventy yards 
of ſtring. The Electricity was poſitive, 
and the index went from 1* to *. At 
three quarters paſt one o'clock the clouds 
began to be diſſipated, and the Electricity 
increaſed a little. At two o'clock the kite 
was pulled in. 


June the 17th. The weather being 
cloudy, and the wind ſouth-weſt, the kite 
was raifed at five o'clock P. M. with one 
hundred and ſeventy yards of ſtring. The 
Electricity was poſitive, and the index of 
the electrometer went from ro* to 16*, 
In this experiment the clouds, whether 
thicker or thinner, ſeemed to have no ef- 
fect upon the Electricity of the kite. At 
a quarter paſt fix o'clock the Kite was 


pulled in. 
D 2 June 
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June the 20th. The weather being 
cloudy, and the wind eaſt, and juſt ſuf- 
ficient, the kite was raiſed at three quar- 
ters paſt three P. M. with one hundred 
and ſeventy yards of ſtring. The Electri- 
city was poſitive, and the index of the 
electrometer ſtood about 8*, At five 
o'clock the weather began to clear up, and 
the Electricity to increaſe ; fo that in half 
an hour's time, the index of the electro- 
meter arrived to 17';-and at fix o'clock it 
ſtood at 25*. But the wind ſuddenly fail- 
ing about this time, the kite fell. 


January the 8th, 1777. The weather 
being froſty and clear, and the wind north, 
and pretty ſtrong, the kite was raiſed at 
four o'clock P. M. with one hundred and 
ſeventy yards of ſtring. The Electricity 
was poſitive and ſtrong, the index of the 
electrometer being at 36*, The ſpark taken 
from the ſmall prime Conductor was re- 
markably pungent in this experiment, al- 
though it was hardly a quarter of an inch 
long. At a quarter paſt five o'clock the 
kite was pulled in. | 


PO | General 
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General Laws, deduced from the Experiments 
performed with the electrical Kites. 


I. The air appears to be eleArified at all 
times; its Electricity is conſtantly poſitive, 
and much ſtronger in froſty, than in warm 
weather *; but it is by no means leſs in 
the night than in the day-time . 


II. The preſence of the clouds generally 
leſſens the Electricity of the kite: ſome- 
times it has no effect upon it; and it is 
very ſeldom that it increaſes it a little. 


* My obſervations upon the Electricity of the at- 
moſphere have been made in almoſt every degree of 


temperature, from 15* to 80 of FARENHEIr's ther- 
mometer. 


+ In all my experiments, it happened only once 
that the ſtring of the kite gave ng figns of EleQticity 
it was one afternoon, when the weather was warm, and 
the wind ſo weak, that the kite was raiſed with diffi- 
culty, and could hardly be kept up for a few minutes; 
in the evening, however, the wind, which in the day- 
time had been north-weſt, ſhifted to the north-eaſt, 
blowing a little ſtronger ; I then raiſed the kite again, 
being half paſt ten o'clock, and obtained, as uſual, a 
pretty ſtrong poſitive Electricity. | 


D 3 III. When 
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III. When it rains, the Electricity of 
the kite is generally negative, and very ſel- 
dom poſitive. 


IV ; The aurora borealis ſeems not to 
affect the Electricity of the kite. 


V. The electrical ſpark taken from the 
ſtring of the kite, or from any inſulated 
Conductor connected with it, eſpecially 
when it does not rain, is yery ſeldom 
longer than a quarter of an inch ; but it is 
exceedingly pungent. When the index of 
the electrometer is not higher than 207, 


the perſon that takes the ſpark will feel 


the effect of it in his legs; it appearing 
more like the diſcharge of an electric jar, 
than the ſpark taken from the prime Con- 
ductor of an electrical machine. 


my The Electricity of the kite is in 
general ſtronger or weaker, according as 


the ſtring is longer or ſhorter ; but it does 


not keep any exact proportion to it: the 
Electricity, for inſtance, brought down by 
a ſtring of a hundred yards, may raiſe the 
index of the electrometer to 20*; when, 

e with 
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with double that length of ſtring, the in- 
dex of the electrometer will not go higher 
than 25% 


VII. When the weather is damp, and 
the Electricity is pretty ſtrong, the index 
of the electrometer, after taking a ſpark 
from the ſtring, or preſenting the knob of 
a coated phial to it, riſes ſurprifingly quick 
to its uſual place; but in dry and warm 
weather, it riſes exceeding flow. 


Theſe few laws are, in ſhort, the deduc- 
tion of all my experiments performed with 
the kites, duting the courſe of about two 
years. How far they may be of uſe, or 


| may coincide with the obſervations of other 


experimentators, I will not pretend to ſay. 
My experiments have been performed at 
Iſlington, and perhaps the reſult of fimilar 
ones may be different at other places, eſpe» 
cially under different climates ; I wiſh, 
therefore, that they may be accurately re- 
peated in other places, and their reſult 
may be compared together ; in order to de- 


termine, if poſſible, ſomething ſatisfactory, 


relative to the cauſe of that perpetual 
D 4 Electricity 
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Electricity which exiſts in the atmoſphere, 
and which, very probably, occaſions: the 
Electricity of the clouds. 


RAP. IM, 


Experiments performed with the Atmoſpheri- 
cal Electrometer, and the Electrometer for 
the Rain. | 


LIS. 1. of Plate III. repreſents a very 

ſimple inſtrument, which I have 
contrived for the purpoſe of making obſer- 
vations on the Electricity of the atmo- 
ſphere; and which, on ſeveral accounts, 
ſeems to be the moſt uſeful for that pur- 
poſe. AB is a common jointed fiſhing- 
rod, without the laſt or ſmalleſt joint. 
From the extremity of this rod proceeds a 
flender glaſs tube C, covered with ſealing- 
wax, and having a cork D, at its end, 
from which a pith-ball electrometer is 
ſuſpended. HGI is a piece of twine faſ- 
- tened to the other extremity of the rod, 
and ſupported at G by a ſmall ſtring FG, 
4 At 
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At the end I of the twine a pin is faſtened, 
which, when puſhed into the cork D, 
renders the electrometer E uninſulated. 


When I would obſerve the Electricity 
of the atmoſphere with this inſtrument, I 
thruſt the pin I into the cork. D, and 
holding the rod by its lower end A, pro- 
je& it out from a window in the upper 
part of the houſe into the air, raiſing the 
end of the rod with the ele&rometer, ſo as 
to make an angle of about 5o* or 60® with 
the horizon. In this ſituation I keep the 
inſtrument for a few ſeconds, and then 
pulling the twine at H, I diſengage the pin 
from the cork D; which operation cauſes 
the ſtring to drop in the dotted ſituation 
K L, and leaves the electrometer inſulated 
and electrified. with an Electricity contrary 
to that of the atmoſphere, This done, I 
draw the inſtrument into the room,.. and 
examine the quality of the Electricity, 
without obſtruction either from wind or 
darkneſs. 


With this inſtrument I have made ob- 
ſervations on the Electricity of the atmo- 
| ſphere, 


42 A CoMPLETE TREATISE 


ſphere, ſeveral times in a day- for ſeveral 
months, and from them I have deduced 
the following general obſervations, which 
ſeem to coincide with thoſe made with the 
electrical kites. 


I. That there is in the atmoſphere, at 
all times, a quantity of Electricity ;. for, 
whenever I uſe the above-deſcribed inſtru- 
ment, it always acquires ſome Electri- 


City. 


II. That the Electticity of the atmo- 
ſphere, or fogs, is always of the ſame kind, 
namely poſitive; for the electrometer is 
always negative, except when it is evidently 
influenced by heavy clouds near the zenith; 
as appears by the obſervations made the 
19th of October, in the following n 
of the journal. 


III. That in general, the ſtrongeſt Elec- 
tricity is obſervable in thick fogs, and alſo 
in froſty weather ; and the weakeſt, when 
it is*cloudy, warm, and very near raining : 
but it does not ſeem to be leſs by night than 
in the day time. 


IV. That 
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| IV. That in a more elevated place the 
Electricity is ſtronger than in a lower one; 
for, having tried the atmoſpherical electro- 
meter, both in the ſtone and iron gallery 
in the cupola of St. Paul's Cathedral, I 
found that the balls diverged much more 
in the latter than in the former leſs ele- 
vated place ; hence it appears, that, if this 
rule takes place at any diſtance from the 
earth, the Electricity in the upper regions 
of the atmoſphere muſt be exceedingly 
ſtrong. 


The 
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The electrometer for the rain, in prin- 
ciple is nothing more than an inſulated 
inſtrument to catch the rain, and by a pith- 
ball electrometer to ſhew the quantity and 
quality of its Electricity. 


Fig. 2. of Plate III. repreſents an inſtru- 
ment of this kind, which I have frequent- 
ly uſed, and after ſeveral obſervations, have' 
found to anſwer very well. AB CI is a 
ſtrong glaſs tube about two feet and a half 
long, having a tin funnel, DE, cemented to 
its extremity, which funnel defends part of 
the tube from the rain. The outſide ſur- 
face of the tube from A to B is covered 
with ſealing- wax; fo alſo is the part of 
it which is covered by the funnel. FD is a 


& piece of cane, round which ſeveral braſs 


wires are twiſted in different directions, fo 
as to catch the rain eaſily, and at the ſame 
time, to make no reſiſtance to the wind. 
This piece of cane is fixed into the tube, 
and a flender wire proceeding from it goes 

through the bore of the tube, and commu- 
nicates with the ſtrong wire A G, which is 
thruſt into a piece of cork faſtened to the 
end A of the tube. The end G of the 
wire AG is formed into a ring, from which 
I ſuſpend 
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I ſuſpend a more or leſs ſenſible pith-ball 
electrometer, as occaſion requires, 


This inſtrument is faſtened to the fide 
of the window-frame, where it is ſupported 
by ſtrong braſs hooks at CB, which part 
of the tube is covered with a filk lace, in 
order to adapt it better to the hooks. The 
part FC is out of the window, with the 
end F a little elevated above the horizon. 
The remaining part of the inſtrument 
comes through a hole in one of the lights of 
the aſh, within the room, and no more of 
it touches the fide of the window than the 


part CB. 


When it rains, eſpecially in paſſing 
ſhowers, this inſtrument, ſtanding in the 
fituation above deſcribed, is frequently 
electrified; and, by the diverging of the 
electrometer, the quantity and quality of 
the Electricity of the rain may be obſerved, 
without any danger of a miſtake, With 
this inſtrument I have obſerved, that the 
rain is generally, though not always, elec- 
tried negatively, and ſometimes fo ſtrong- 
ly that I have been able to charge a ſmall 


coated phial at the wire A G. 
This 
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This inſtrument ſhould be fixed in ſuch a 
manner, that it may be eaſily taken off 
from the window, and replaced again, as 
occaſion requires; for it will be neceſſary 
to clean it very often, particularly when a 
ſhower of rain is approaching. 


I ſhall conclude this chapter with the 
deſcription of a pocket electrometer, fig. 3 
and 6. of Plate III. that I have lately con- 
ſtructed, and which, on ſeveral accounts, 
ſcems preferable to thoſe of the moſt ſen- 
ſible ſort now in uſe. The caſe, or handle 
of this electrometer is formed by a glaſs 
tube, about three inches long, and three- 
tenths of an inch in diameter, half of 
which is covered with ſealing-wax. From 
one extremity of this tube, i. e. that with- 
out ſealing-wax, a ſmall loop of filk pro- 
ceeds, which ſerves occaſionally to hang the 
electrometer on a pin, &c. To the other 
extremity of the tube a cork is adapted, 
which, being cut tapering on both ends, 
can fit the mouth of the tube with either 
end, From one extremity of this cork, 
two linen threads proceed, a little ſhorter 
than the length of the tube, ſuſpending 
each a little cone of pith of elder. When 

this 
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this electrometer is to be uſed, that end of 
the cork which is oppoſite to the threads 
is puſhed into the mouth of the tube; 
then the tube forms the inſulated handle 


of the pith electrometer, as repreſented fig. 


6. Plate III. But when the electrometer is 
to be carried in the pocket, then the 
threads are put into the tube, and the cork 


ſtops it, as repreſented fig. 5. The pecu- 


liar advantages of this electrometer are, its 
convenient ſmall fize, its great ſenſibility, 
and its continuing Jonger in good order 
than any other I have yet ſeen, 


Fig. 4. of Plate III. repreſents a caſe to 
carry the above-deſcribed electrometer in. 
This caſe is like a common tooth-pick caſe, 
except that-it has a piece of amber fixed on 
one extremity A, which may occaſionally 
ſerve to electrify the electrometer nega- 
tively, and on the other extremity it has a 
piece of ivory faſtened upon a piece of am- 
ber BC. This amber BC ſerves only to 
inſulate the ivory, which, when inſulated, 
and rubbed again{t woollen cloths, acquires 
a poſitive Electricity; and it is therefore uſe- 
ful to electrify the electrometer pofitively. 


F,, | CHAP. 
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Experiments made with the Electropborus, 
commonly called a Machine for exhibiting 
perpetual Electricity. 
l ö N fig. 9. of Plate III. there are repre- 
' ſented ſome Plates, commonly called 
he Machine for exhibiting perpetual Elec- 
Ericity, or the Electrophorus. This machine 
onſiſts of two plates, one of which, B, is 
a circular glaſs plate, covered on one fide - 
ith ſome ſulphureous or reſinous electric, 
oſt commonly with a compoſition made 
f equal parts of roſin, ſhell-lac, and ſul- 
Wphur ; the other plate A, is a braſs plate, 
or a board covered with tin-foil, which is 
nearly of the ſame dimenſions as the elec- 
eric plate, and it is furniſhed with a glaſs 
handle I, which, by means of a braſs. 
or wooden ſocket, is ſcrewed into - its 
center. - This machine is the invention of 


an Italian philoſopher (Mr. VoLTa of 
Como) and its uſe is the following: 


Vol. II. E 9 Firſt, 


| Zo 
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Firſt, the plate B is excited, by rubbing 
its coated ſide with a piece of new white 
flannel, and when excited as much as poſ- 
ſible, is ſet upon the table with the coated 

ſide uppermoſt. Secondly, the metal plate 
is laid upon the excited electric, as repre- 
ſented in the figure. Thirdly, the metal 
plate is touched with the finger or any 
other Conductor, which, on touching the 
plate, receives a ſpark from it, Laſtly, the 
metal plate A, being held by the extre- 
mity of its glaſs handle I, is ſeparated from 

the electric plate ; and, after it is elevated 
above that plate, it will be found ſtrongly 
electriied, with an Electricity contrary to 
that of the electric plate, in which caſe it 
will give a very ſtrong ſpark to any Con- 
ductor brought near it. By ſetting the 
metal upon the electric plate, touching it 
with the finger, and ſeparating it ſuc- 
ceſſively, a great number of ſparks may be 
obtained apparently of the ſame ſtrength, 

and that without exciting again the electric 
plate. If theſe ſparks are repeatedly given 
to thr. knob of a coated phial, this will 
preſently become charged. . 


The 
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The action of theſe plates depends upon 
a principle long ago diſcovered, viz. the 
power that an excited electric has to in- 
duce a contrary Electricity in a body 
brought within its ſphere of action; the 
metal plate, therefore, when ſet upon the 
excited electric, acquires a contrary Elec- 
tricity, by giving its electric fluid to the 
hand, or other Conductor that touches it, 


when ſet upon a plate poſitively electrified; 


or acquiring an additional quantity of fluid 
from the hand, &c. when ſet upon . 
electrified negatively. 


As to the continuance of the virtue of 
this electric plate, when once excited, with - 
out repeating the excitation, I think there 
is not the leaſt foundation for believing it 
perpetual, as ſome perſons have ſuppoſed; 
it being nothing maze than an excited elec- 
tric, it muſt gradually loſe its power, by 
imparting continually ſome of its Elec- 
tricity to the air, or other ſubſtances con- 
tiguous to it. Indeed its Electricity, al- 
though it could never be proved to he per- 
petual by experiments, laſts a very longtime, 
it having been obſerved to be pretty ſtrong 

E 2 ſeveral 
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ſeveral days, and even weeks after excita- 
tion. The great duration of the Electricity 
of this plate, I think, depends upon two 
cauſes: firſt, becauſe it does not loſe any 
Electricity by the operation of putting the 
metal plate upon it, &c.; and ſecondly, 
becauſe of its flat figure, which expoſes it to 
a leſs quantity of air, in compariſon with a 
ſtick of ſealing-wax, or the like, which be- 
ing cylindrical, expoſes its ſurface; to a 
greater quantity of air, which is continually 
robbing the excited electrics of their 
virtue. | | 


The firſt experiments that I made rela- 

tive to this machine, were with a view to 
diſcover which ſubſtance would anſwer beſt 
for coating the glaſs plate, in order to pro- 4 
duce the greateſt effect. I tried ſeveral 
ſubſtances either ſimple or mixed, and at 
laſt I obſeryed, that the ſtrongeſt in power, 
as well as the eaſieſt I could conſtruct, 
were thoſe made with the ſecond fort of 

Wiener, , ſpread upon a thick plate of Z 
glaſs. 


It is remarkable, that ſometimes they will not act 


well at firſt ; but they may be rendered very good, by 
ſcraping with the edge of a knife the ſhining or glol- 
1 8 17 
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2 laſs +. A plate that I made after this 
oY manner, and no more than ſix inches in 


liameter, when once excited, could charge 
coated phial ſeveral times ſucceſſively, fo 
trong as to pierce a hole through a card 
ith the diſcharge. Sometimes the metal 
late, when ſeparated from it, was ſo 
trongly electrified, that it darted ſtrong 
laſhes to the table upon which the 
lectric plate was laid, and even into the | 
ir, beſides cauſing the ſenſation of the ſpi- 
Wer's web upon the face brought near it, 
ike an electric ſtrongly excited. The 
oer of ſome of my plates is ſo ſtrong, 
hat ſometimes the electric plate adheres to 
et e metal, when this is lifted up; nor will 
2 ey ſeparate, even if the metal plate is 


O- 
ral 3 ſurface of the wax. This ſeems analogous to the 
at ell- known property of glaſs ; which is, that new ey- 


Winders or globes, made for electrical purpoſes, are 
een very bad electrics at firſt, but that they improve 


y being worked, i. e. by having their ſurface a little 
-of orn. Paper alſo has nearly the ſame property. 
of 
0 + I have lately ſeen ſome of thoſe plates, conſtrued 


dy Mr. G. Apans, which ated exceedingly well; 


nd they were made with a compoſition of two parts 

by f fhell-lac, and one part of Venice turpentine, with- 

oſ- Met any glaſs plate. i Ch T2007 210 
1 E 3 touched 


it to be attended with the contrary Elec- 


drawn over its ſurface, I find that the 
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touched with the finger, or other Con- 
ductor. ä 


If, after having excited the ſealing-wax, 
J lay the plate with the wax upon the table, 
and the glaſs uppermoſt, i. e. contrary to 
the common method, then, on making the 
uſual experiment of putting the metal plate | 
on it, and taking the ſpark, &c. I obſerve i 


tricity ; that is, if I lay the metal plate 
upon the electric one, and while in that 
fituation touch it with an inſulated body, 
that body acquires the poſitive Electricity, 
and the metallic, removed from the electric 
plate, appears to be negative; whereas it Wil 
would become poſitive if laid upon the ex- 
cited wax. This experiment, I find, an- 
ſwers in the ſame manner, if an electric 
plate is uſed which has the ſealing-wax 1 $ 
coating on both fides, or one of Mr. 
ADAM $'S, which has no glaſs plate. | 7 


If the braſs plate, after being ſeparated 
from, be preſented with the edge toward 
the wax, lightly touching it, and thus be 

Electricity 


— 
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Electricity of the metal is abſorbed by the 
ſealing- wax, and thus the electric plate 
loſes part of its power; and if this opera» 
tion is repeated five or fix times, the ejec- 
tric plate loſes its power intirely, ſo that a 
new excitation is neceſſary in order to re- 
vive it. 


If, inſtead of laying the electric plate 


upon the table, it is placed upon an electric - 


ſtand, ſo as to be accurately inſulated, then 
the metal plate ſet on it acquires fo little 
Electricity that it can only be diſcovered 
with an electrometer; which ſhews that the 
Electricity of this plate will not be con- 
ſpicuous on one fide of it, if the oppoſite 
ſide is not at liberty either to part with, 
or acquire more of the electric fluid. In 
conſequence of this experiment, and in or- 
der to aſcertain how the oppoſite fides of 
the electric plate would be affected in dif- 
ferent circumſtances, I made the following 


experiments: 


Upon an electric ſtand E, fig. 9. Plate 
III. I placed a circular tin plate, nearly fix 
inches in diameter, which by a ſlender 

E 4 | wire 
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wire H communicated with an electrometer 
of pith-balls G, which was alſo inſulated 
upon the electric ſtand F. I then placed 
the excited electric plate D, of fix inches 
and a quarter in diameter, upon the tin 
plate, with the wax uppermoſt, and on re- 
moving my hand from it, the electrome- 
ter G, which communicated with the tin 
plate, 7. e. with the under fide of the electric 
plate, immediately opened- with negative 
Electricity. If, by touching the electro- 
meter, I took that Electricity off, the elec- 
trometer did not afterwards diverge. But 
if now, or when the electrometer diverged, 
I preſented my hand open, or any other 
uninſulated Conductor, at the diſtance of 
about one or two inches, over the electric 
plate, without touching it, then the pith- 
balls diverged; or if they diverged before, 
came together, and immediately diverged 
again with poſitive Electricity ;—I removed 
the hand, and the balls came together 
To” the hand, and they diverged ; 
= ſo on. 


If, while the pith-balls diverged with ne- 
1 Electricity, I laid the metal plate, 
2 | holding 
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| holding it by the extremity K of its glaſs 
handle, upon the wax, the balls came, for 
a little time, towards one another, but 
ſoon opened again with the lame, i. e. ne- 
gative Electricity. 


If, whilſt the metallic reſted upon the 
electric plate, I touched the former, the 
electrometer immediately diverged with 
poſitive Electricity, which if, by touch- 
ing it, I took off, the electrometer con- 
tinued without divergence. — I touched 
the metal plate again, and the electrome- 
ter opened again; and ſo on for a con- 
ſiderable number of times, until the 
metal plate had acquired its full charge. 
On taking now the metal plate up, the 
electrometer G inſtantly diverged with 
We ſtrong negative Electricity. | | 


I repeated the above-deſcribed experi- 
ments with this only difference in the diſ- 
poſition of the apparatus, 1. e. I laid the 
electric plate D, with the excited ſealing- 
wax, upon the circular tin plate, and the 
glaſs uppermoſt; and the difference in their 
relel was, that where the Blearicity had 

| been 


— 
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been poſitive in the former diſpoſition of 
the apparatus, it now became negative, and 
vice verſa; except that, when I firſt laid 
the electric plate upon the tin, the elec- 


trometer G diverged with negative Elec- 
tricity, as well in this as in the other diſ- 


poſition of the apparatus. 


I repeated all the above-mentioned experi- 
ments with an electric plate, which, beſides 
the ſealing-wax coating on one fide, had a 
ſtrong coat of varniſh on the other fide; 
and their reſult was ſimilar to that of thoſe 
made with the above-deſcribed plate. 


As to the explanation of theſe experi- 
ments, they ſeem to depend upon theſe 
two well-known principles, viz. that a 
body brought within the ſphere of action 
of an electrified body, does actually acquire 
the contrary Electricity: and that the exiſt- 
ence of one kind of Electricity upon the 
ſarface of a ſubſtance whatever, cauſes the 
exiſtence of the contrary Electricity upon 
ſome other ſubſtance near it. 


CN. 


on ELECTRICITY. 59 


CHAP. V. 


Experiments on Colours, 


AVING accidentally obſerved that 
an electric ſhock, ſent over the ſur- 
face of a card, marked a black ſtroke upon 
a red ſpot of the card, I was from this in- 
duced to try what would be the effect of 
ſending ſhocks over cards painted with dif- 
ferent water- colours; accordingly I paint- 
ed ſeveral cards with almoſt every colour 
I had, and fent ſhoeks * over them, when 
they were very dry; making uſe of the uni- 
verſal diſcharger, fig. 5. Plate I. The ef- 
fects were as follow: | 


Vermilion was marked with a ſtrong 
black track, about one-tenth of an ioch 
wide. This ſtroke is generally fingle, as 
repreſented by AB, fg. 7. of Plate III.; 
ſometimes it is divided an two towards the 
The force generally employed was the full charge 
of ane foot and a half of coated glaſs. 


middle, 
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middle, like EF; and ſometimes, particu- 
larly when the wires are ſet very diſtant 
from one another, the ſtroke is not con- 
tinued, but interrupted in the middle, like 
GH. It often, although not always, hap- 
pens, that the impreſſion is marked ſtrong- 
er at the extremity of that wire from which 
the electric fluid iſſues, as it appears at E, 
ſuppoſing that the wire C communicates 
with the poſitive fide of the jar; whereas 
the extremity of the ſtroke, contiguous to 
the point of the wire D, is neither fo 
ſtrongly marked, nor ſurrounds the wire fo 
much as the other extremity E. | 


Carmine received a faint and lender i im- 
8 of a purple colour. | 


Verdigriſe was ſhook off from the 4. 
face of the card, except when it had been 
mixed with ſtrong gum- water, in which 
caſe it received a very faint impreſſion. 


White lead was marked with a ſtrong 
black track, not ſo broad as that on ver- 


nnn 


i! 
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Red lead was marked with a faint mark, 
much like carmine. | 


The other colours I tried, were orpi- 
ment, gambodge, ſap- green, red-ink, ul- 
tramarine, Pruſſian blue, and a few others, 
which were compounds of the above; but 
they received no impreſſion. Fs 


It having been inſinuated, that the ſtrong 
black mark, which vermilion receives from 
the ele ric ſhock, might poſſibly be owing 
to the great quantity of ſulphur contained 
in that mineral, I was induced to make the 
following experiment :—l mixed together 
equal quantities of ,orpiment and flower 
of ſulphur, and with this mixture, by the 
help, as uſual, of very diluted gum- water, 
I painted a card; but the electric ſhock 
ſent over it left not the leaſt impreſſion. 


Deſirous of carrying this inveſtigation on 
colours a little further, with a particular 
view to determine ſomething relative to the 
properties of lamp- black and oil “, I. pro- 
| cured. 

0 1 has e been obſerved, that when the light- 


ning has truck the maſts of ſhips, it has paſſed over 
: t ſuch 
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cured ſome pieces of paper painted on both 
fides with oil colours, and ſending the 
charge of two feet of coated glaſs over each 
of them, by making the interruption of the 
circuit upon their ſurfaces, I obſerved that 
the pieces of paper painted with lamp- 
black, Pruffian-blue, vermilion, and pur- 
ple brown, were torn by the exploſion, but 
white lead, Naples yellow, Engliſh ochre, 
and verdigriſe remained unhurt. 


The ſame ſhock ſent over a piece of pa- 
per painted very thickly with lamp-black 
and oil left not the leaſt impreſſion. I ſent 
the ſhock alſo over a piece of paper un- 
equally painted with purple brown, and the 
paper was torn where the paint laid very 
thin, but remained unhurt where the paint 
was evidently thicker. Theſe experiments 
I repeated ſeveral times, and with ſome 
little variation, which naturally produced 


ſuch parts of the maſts which were covered with 
lamp-bleck and tar, or painted with lamp black and 
oil, wichout the leaſt injury, at the ſame time that it 
bas mivered the uncoated parts, in ſuch a manner as 
to render the maſts uſeleſs. For a particular account 
of ſeach fats, ſee the Phil, T rand vol. XLVIII. and 

Vu. | 
* 9 different 
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different effects; however, they all ſeem to 
point out the following propoſition. 


I. A coat of oil paint, over any ſubſtance, 
defends it from the effects of ſuch an elec- 
tric ſhock, as would otherwiſe injure it; 
but by no means defends it from any elec- 
tric ſhock whatever. II. No one colour 
ſeems preferable to the others, if they are 
equal in ſubſtance, and equally well mixed 
with oil ; but a thick coating does certainly 
afford a better defence than a thinner one. 


By rubbing the above-mentioned pieces 
of paper, I find that the paper painted with 
lamp-black and oil is more caſily excited, 
and acquires a ſtronger Electricity, than 
the papers painted with the other colours; 
and perhaps on this account it may be, that 
lamp- black and oil might reſiſt the ſhock 
ſomewhat better than the other paints. 


It is remarkable, that vermilion re- 
ceives the black impreſſion, when painted 
with linſeed-oil, nearly as well as when 
painted with water. The paper painted 
with white lead and oil, receives alſo a 
| black 
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black mark ; but its nature is very ſingular. 
The track, when firſt made, is almoſt as 
dark as that marked on white lead, painted 
with water, but it gradually loſes its black- 
neſs,” and in about one hour's time (or. 
longer, if the paint is not freth) it appears 
without any darkneſs; and when the paint- 
ed paper is laid in a proper light, appears 
only marked with a colourleſs track, as if 
made by a finger-nail. I ſent the ſhock 
alſo over a piece of board, which had been 
painted with white lead and oil about four 
years before, and the exploſion marked the 
black track upon this alſo; this track 
however was not ſo ſtrong, nor vaniſhed 
ſo ſoon as that marked upon the painted 


paper, but in about two days time it * 
vaniſhed intirely. 


"CHAP. 
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Promiſcuous Experiments. 


Bſerving that a ſtrong ſpark may be 
obtained from the metal plate be- 
longing to Mr. VoLTA's machine, deſerib- 
ed in the fourth chapter of this Part, when 
not the leaſt ſpark can be obtained from 
the electric plate itſelf, I was naturally in- 
duced to make uſe of the above-mentioned 
metallic plate, to diſcover the Electricity 
of very weak electrics; which otherwiſe 
would be either inobſervable, or ſo ſmall as 
not to permit its quality to be aſcertained. 
Accordingly I conſtructed ſeveral ſuch 
plates of different ſizes, beginning from 
that of a common metal button faſtened 
upon a ſtick of ſealing-wax ; and by uſing 
them, I obtained a very ſenſible Electricity 
from the hairs of my legs, when ſtroked, 
and of my head, or any part that I have 
tried of my body, or the head of almoſt any 


other perſon, 


Vor. II. F Ia 
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In this manner I obtain ſuch ſtrong ſparks 
from the back of a cat, a hare's ſkin, a 
rabbit's ſkin, a piece of flannel, or of pa- 
per, that I can prefently charge a coated 
phial with either of thoſe, and fo ſtrongly, 
as to pierce a hole through a card with its 


diſcharge. 


I have often obſerved that, when ſtrok- 
ing a cat with one hand, and holding it 
with the other, I feel frequent ſmart prick» 
lings on different parts of that hand, which 
holds the animal. In theſe circumſtances 
very pungent ſparks may be drawn from 
the tips of the cars of the cat. 


Smooth glaſs rubbed with a rabbit $ ſkin, 
dry and warm, acquires, I find, the negative 
Electricity; 3 but if the ſkin is cold, the 
glaſs is excited poſitively. Sometimes 
ſmooth glaſs may be excited negatively with 
new white flannel, clean and dry, and alſo 


with a hare's ſkin, | 


Obſerving the ſtrong electric power of 


new white flannel, I thought that a piecę 


of it, rolled round the globe of an electrical 
machine, 
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machine, would perhaps give a ſtronger 
Electricity to the prime Conductor than 
the glaſs itſelf. In order to try the truth 
of my ſuppoſition, I tied a large piece of 
flannel, dry and warm, round the globe of 
the machine, and for a rubber, I applied 
the palm of my hand ; then turned the 
winch, Hrſt flowly, and afterwards brifkly ; 
but, contrary to my expeCtation, the Elec- 
tricity at the prime Conductor, although 
poſitive, was ſo weak, that the index of the 
quadrant electrometer was not moved from 
its perpendicular ſituation. Surpriſed at 
this event, I refolved to take off the appara- 
tus; but I was more ſurpriſed, when, on 
removing the flannel from the globe, the 
former appeared ſo ſtrongly poſitive, that it 
darted ſeveral ſparks to my arm, and other 
contiguous bodies, and the latter remained 
ſo ſtrongly negative, that the electrometer 


| upon the prime Conductor inſtantly ele- 


vated its index to about 45% This experi- 
ment being ſeveral times repeated, produced 


| always the ſame effect. 


Having had occafion to. coat a ten ounce 
phial for the Leyden experiment, I ſtuck 
| F 2 the 
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the braſs filings on the inſide of it with 
varniſh, agreeable to the directions given 
by ſome writers on Electricity. This 
phial remained about a week unuſed, but 
it happened that whilſt I was charging and 
diſcharging it for ſome experiments, -on 
making a diſcharge, it exploded with a 
greater noiſe than uſual, the cork with 
the wire being at the ſame time blown 
out of the neck of it. Being intent upon 
the main experiments in hand, I omitted to 
examine this phenomenon ; — I replaced 
the cork into the neck of the phial, and 
went on charging and diſcharging it again; 
but it had not been charged above three 
or four times more, when, on making a 
diſcharge, he varniſh that ſtuck the braſs 
filings was in a flame, which burnt the 
under ſide of the cork, and occaſioned a 

deal of ſmoke and flame to come out 
of the phial. Some days after, this expe- 
riment was repeated in the preſence of three 
gentlemen, well verſed in Electricity, when 
the cork with the wire was alſo: puſhed 
out of the neck of the phial; but the var- 
niſh was this laſt time ſo far burnt, that 


the braſs filing were almoſt all dropped to 
| the 
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the bottom of the phial, and had their co- 
lour changed by the combuſtion, 


In making ſome experiments, of a nature 
rather different from Electricity, I acciden- 
tally obſerved, that when I agitated ſome 
quickſilver in a glaſs tube, hermetically 
ſealed, and in whoſe cavity the air was very 
much rarefied, the outſide of the tube ap- 
peared ſenſibly electrified ; its Electricity 
however was not conſtant, nor, as I firſt 
thought, in proportion to the agitation of 
the quickſilver. Being deſirous of aſcer- 
taining the properties of ſuch tubes, I con- 
ſtructed ſeveral of them, and by means of 
two cork-ball eletrometers, obſerved their 
properties ; but as they all agree in regard 
to the chief points, I ſhall only deſcribe 
one, which is the beſt of them. This 
tube is repreſented by fig. 3. of Plate III. 
Its length is thirty-one inches, and its dia- 
meter is little leſs than half an inch. The 
quickſilver in it may be about three 
fourths of an ounce; and in order to ex- 
hauſt it of air, I cloſed it while the quick- 
filver was boiling in its oppoſite end. 


F 3 Before 
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Before this tube is uſed, I make it a little 
warm, and clean it; then holding it nearly 
horizontal, I let the quickſilver in it run 
from one end of the tube to the other, by 
gently and. alternately elevating and de- 
preſſing its extremities; This operation 
immediately renders the outfide of the tube 
electrical, but with the following remark- 
able property, viz. that end of the tube, 
where the quickſilver actually ſtands, is po- 
fitive, and all the remaining part is nega- 
tive, If by elevating this poſitive end of 
the tube a little, I let the quickſilver run 
to the oppofite end, which was negative, 
then the former inſtantly becomes nega- 
tive, and the latter poſitive. The poſitive 
end has always à ſtronger Electrieity than 
the negative, If when one end of the tube, 
for inſtance A, is poſitive, i. e. when the 
quickſilver is in it, I do not take off that 
Electricity by. touching it; then on ele- 
vating this end A, ſo as to let the quick - 
ſilver run to the oppoſite end B, it appears 
negatively electtißed in a very ſmall degree, 
If by depreſſing it again it be rendered po- 
ſitive a ſecond time, and that poſitive Elec- 
tricity is neither taken off, then on elevat- 


ing 
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ing this end A again, it appears to be po- 
ſitive in a ſmall degree: but if whilſt it is 
poſitive, its Electricity be taken off, then 
on being eleyated, it appears ſtrongly ne- 


gative. 


When about two inches of each extre- 
mity of this tube is coated with tin-foil as 
it appears in the figure, that coating aſſiſts 
to render the Electricities at the extremities 
of the tube more conſpicuous, ſo that ſome- 
times they give ſparks to a Conductor 
brou ght near. 


In regard to the conſtruction of ſuch 
tubes (Which I -have made of ſeveral lengths, 
from nine to thirty-one inches) it is ob- 
ſervable, that ſome will act very well, 
while others will hardly acquire any Elec- 
tricity at all, even when they are made 
very hot, I am not yet thoroughly ſatis- 
fed in reſpect to this difference, but ſuſ- 
pect that the thickneſs of the glaſs is more 
concerned, than any thing elſe ; it appear- 
ing that a tube, whoſe glaſs is about one- 
twentieth of an inch thick, anſwers bet- 
ter than either a thicker or a thinner one. 

F 4 The 
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The following Chapters contain the ac- 

count of ſome experiments, which I 
made ſince the firſt publication of this 
Book; for which reaſon, I deemed pro- 
per to relate them apart, without altering 
the preceding chapters, with the con- 
tents of which they are howeyer con- 


nected. 


CHAP. VII. 


An Account of ſome new Experiments in 
Electricity, with the Deſcription and Uſe 
S two new Electrical Inſtruments, 


Rofeſſor LicuTENBERG of Gottingen, 
ſome time ago made an experiment 
upon the electrophorus, an account of 
which was firſt received in London towards 
the latter end of the year 1977. The 
phenomena attending the experiment are 
very entertaining and various, but I do not 
know that any perſon ever offered a ſatis- 
factory explanation of them. The author 
himſelf, in his paper entitled“ De nova 
met bodo naturam ac motum fluid; electrici in- 
velligandi Commentatio prior, wherein he 
gives 


on ELECTRICITY. 73 


gives an account of the experiment, does 
not attempt any explanation of it; content= 
ing himſelf with the account only of vari- 
ous particulars attending it. —In brief, the 
experiment is as follows : 


The electrophorus, that is, a plate of 
ſome reſinous ſubſtance, as ſulphur, roſin, 
gum-lac, &c. is firſt excited, either by 
rubbing or otherwiſe ; then a piece of me- 
tal of any ſhape, at pleaſure, as for in- 
ſtance, a three-legged compaſs, a piece of 
braſs tube, or the like, is ſet upon the elec- 
trophorus, and to this piece of metal fo 
placed, a ſpark is given, of the Electricity 
contrary to that of the plate; this done, 
the piece of metal is removed, by means 
- of a ſtick of ſealing-wax or other electric, 
and ſome powder of roſin, kept in a linen 
bag, is ſhaken upon the electrophorus: this 
powder will be found to fall about thoſe 
points upon the plate, which the piece of 
metal touched, forming ſome radiated ap- 
pearances, much like the common repre» 
ſentations of ſtars; at the ſame time, upon 
the greateſt part of the plate, that is, be- 
ſides thoſe ſtars, there is hardly any poder 


at 
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at all. Now, it is to be remarked, that if 
the plate is excited negatively, and the ſpark 
given to the metal ſet upon it is poſitive, the 
appearance will be as above-deſcribed ; but 
if, on the contrary, the plate is poſitive and 
the ſpark is negative, then the powder of 
roſin'will be found to fall upon thoſe parts of 
the plate which in the other caſe it left un- 
covered, and to leave the ſtars clean; in 
ſhort, it will do juſt the reverſe of what it 
did in the other caſe; or, in other words, 
the powder. of rofin will be attracted by 
thoſe parts only of the electrophorus Wen 
are and poſitively. 


When I firſt obſerved theſe phenomena, 
I thought there was no apparent reaſon why 
the powder of roſin ſhould be attracted by 
* thoſe parts of the electrophorus which are 
politively electriſied, and not by thoſe which 
are negative. The two Electricities are 
certainly contrary to one another; but 
either of them attracts a non: electrified 
body. Inſiſting upon this confideration, 1 
thought that the experiment could be 
explained only upon the ſuppoſition, that 
the powder of roſin, on its falling from the 
linen 
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linen bag was actually electrified negative- 
ly; in which caſe it would have been eaſy 
to account for the phenomena upon the 
well-known principle of bodies contrarily 
electrified. attracting each other, and re- 
pelling one another when poſſeſſed of 1 
re kind of A" 


In order to try the reality of my ſuppo- 
ſition by experiments, I inſulated a "braſs 
plate upon a glaſs ſtand, and connected a 
very ſenſible electrometer with it; then 
began ſhaking the powder of rofin upon it, 
in the ſame manner as I had done upon the 
electrophorus, and in a few ſeconds time 
had the pleaſure to ſee the eletrometer di- 


verge with a very manifeſt degree of nega- 


tive Electricity, anſwering my expectations 


exactly. The explanation of the ingenious 
Profeſſur LIicRTEXRERCG's experiment, 
now became very eaſy and natural; for the 
powder of rofin being actually electriſied 
negatively, could not be attracted, ex- 
cept by thoſe parts of the electrophorus 
which are in a contrary ſtate, 1. e. electri- 
fied poſitively. It is obſerved, that poder 
* ond anſwers better for this experiment 

than 


76 AComereTe TREATISE 


than the powders of other ſubſtances ; and 
accordingly I find that this powder, when 
ſhaken upon the inſulated braſs plate, ſhews 

a ſtronger degree of Electricity than the; 
other powders. Indeed the Electricity of 


the powder of roſin, not only when ſhaken 
upon the braſs plate in the manner above- 
mentioned, but ſimply let fall upon it from 
a piece of paper, a ſpoon, &c. is very great; 
half an ounce of this powder being ſuffici- 
ent, to let the threads of the electrometer 
diverge as much as they poſſibly can. 

This diſcovery not only affords an eaſy 
explanation of Profeſſor LicnTENBERG's 
experiment upon the electrophorus, but 
ſhews a method of exciting powders, which 
has long been a deſideratum in the ſcience 
of Electricity. The method is as follows: 
—Inſulate a metal plate upon an electric 
ſtand, and connect with it a cork- ball 
clectrometer; then the powder required to 
be tried, being held in a ſpoon, or other 
thing, at about ſix inches above the plate, 
is to be let fall gradually upon it. In this 
manner the Electricity acquired by the pow- 
"ts being communicated. to the metal 
Aan; plate, 
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plate, and to the electrometer, is rendered 
manifeſt by the divergence of the threads; 
and its quality may be aſcertained in the 
uſual manner. See fig. the 4th of Plate IV. 


It muſt be obſerved, that if the powder 
is of a conducting nature, like the amal- 
gam of metals, ſand, &c. it muſt be held 
in ſome electric ſubſtance, as a glaſs phial, 
a plate of ſealing-wax, or the like. Some- 
times the ſpoon that holds the powder may 
be inſulated; in which caſe, after the ex- 
periment, the ſpoon will be found poſſeſſed 
of an Electricity contrary to that of the 
powder. 


In performing theſe experiments care 
muſt be had to render the powders, and 
whatever they are held in, as free from 
moiſture as poſſible; ſometimes it being 
neceſſary to make them very warm, other- 
wiſe the experiment is apt to fail. The 
following -are the particulars that I have 
obſerved with this new method, which 
however are neither numerous, nor often 
repeated; but they may ſuffice to excite 

the 
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the” curioſity. of thoſe perſons, who have 
leiſure and the opportunity of repeating 
them more at large and in a e va- 
riety. " 


Poder of roſin, Whether it be let fall 
from paper, glaſs, or a metal ſpoon, elec- 
trifies the plate ſtrongly negative; the 
ſpoon, if inſulated, remaining ſtrongly po- 
fitive. Flower of ſulphur produces the 
fame effect, but in a little Teſs degree. 
Pounded glafs, let fall from a piece of pa- 
per, made dry and warm, electrifies the 
plate negatively, but not in ſo ſtrong a de- 
gree as roſin. If it is let fall from a braſs 
cup, it clectrifies the plate poſitively, but in 
a very mill degree. * 


Steel-flings let fall either from a glaſs 
phial or paper, electrify the plate negative- 
Iy; but braſs-filings, treated in the fame 
manner, electrify the plate poſitively, The 
amalgam of tin-foil and mercury, gun- 
powder, or very fine emety, electrify the 
plate negatively, when they are let fall upon 
it from a glafs phial: Quickfilver, from 
2 a glaſs 
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a glaſs phial, clearifies the mA gels 
col | | 


Soot from the chimney, or the aſhes of 
common pit=coals mixed with ſmall cin- 
ders, electrify the plate negatively, when 
let fall from a piece of paper. 


Defeription © of th# improved ute 
| Electrometer. 


Fig. the 2d of Plate IV. is a geome- 
trical repreſentation of my new atmo- 
ſpherical electrometer, in its real fiaes 
this inſtrument, whoſe firſt hint T received 
from my friend T. Ronayne, Eſq; after 
various trials, I brought to the preſent ſtate 
of perfection, as long ago as the year 1777; 
and immediately after, ſeveral of them were 
made after my pattern by Mt. Apams, 
philoſophical inſtrament maker, in Fleet 
Street. The great difficulty attending the 
conſtruction of this inſtrument, has long diſ- 
fuaded my publiſhing any deſcription of it ; 
nor had I ever preſented the deſcription'of it 
to the Royal Society, if the obſervations of 
ſeveral of my friends, who have uſed, it, in 
England and abroad, joined to my ownrepeat= 
edexperiments, had not indiſputably confirm- 
7 bs ed 
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ed its ſuperiority over any other inſtrumenf 
of that kind. Its particular advantages are : 
I. The ſmallneſs of the ſize ® ; II. Its being 
always ready for experiments, without fear 
of entangling the threads, or having an 
equivocal reſult by the ſluggiſhneſs of its 
motion; III. Its being not diſturbed by 
wind or rain ; IV. Its great ſenſibility ; and 
V. Its keeping the communicated Electri- 
city longer than any other Electrometer. 


The principal part of this inſtrument is 
a glaſs tube CD MN, cemented at the 
bottom into the wooden piece AB, by 
which part the inſtrument: is to be held 
when uſed for the atmoſphere ;- and it alſo 
ſerves to ſcrew the inſtrument into its 
wooden caſe ABO, fig. I. when it is not 
to be uſed +. The upper part of the tube 
CDMN, is ſhaped tapering to a ſmaller 
extremity, which is entirely covered with 
ſealing- wax, melted by heat, and not diſ- 

* Sometime ago I made one ſo ſmall, that its caſe 
which is of braſs, meaſures only 3 inches in length 
and B, of an inch in diameter, and yet it acts exceed- 
Ing well. 


+ The whole caſe of this electrometer has been, 
made alſo of braſs, and has been found to anſwer better 


than wood, as it does not warp. 
ſolved 
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ſolved by ſpirits. Into this tapering part 
a ſmall tube is cemented, the lower extre- 
mity G of which being alſo covered with 
ſealing- wax, projects a ſhort way within 
the tube C D MN. Into this ſmaller 
tube a wire is cemented, which with its 
lower extremity touches the flat piece of 
ivory H, faſtencd to the tube by means of 
cork ; the upper extremity of the wire 
projects about a quarter of an inch above 
the tube, and ſcrews into the braſs cap 
E F, which cap is open at the bottom, and 
ſerves to defend the waxed part of the in- 
ſtrument from the rain, &c. In fig. 3. 
a ſection of this braſs cap is repreſented, 
in order to ſhew its internal ſhape, and the 
manner in which it is ſcrewed to the wire 
projecting above the tube L. The ſmall 
tube L, and the upper extremity of the 
large tube CD MN, appear like one con- 
tinued piece, on account of the ſealing- 
wax, which covers them both. The co- 
nical corks P of this electrometer, which 
by their repulſion ſhew the Electricity, &c. 
are as ſmall as they can poſſibly be made, 
and they are ſuſpended by eneretingy fine 

Vox. II. filver 
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ſilver wires ; theſe wires are ſhaped in 
a ring at the top, by which they hang 
very looſely to the flat piece of ivory H, 
which has two holes for that purpoſe.' 
By this method of ſuſpenſion, which is 
applicable to every ſort of electrometer, 
the friction is leſſened ' almoſt to nothing, 
and thence the inftrament is ſenſible of a 
very ſmall degree of Electricity. I M. and 
KN, are two narrow flips of tin-foil; 
ſtuck to the” inſide of the glaſs C.D MN, 
and oommunicating with the wooden bot- 
tom AB; — they ſerve to convey off that 
Electricity, which, when the corks touch 
the glaſs is communicated to it, and being 
accumulated, might diſturb the free motion 
1 the orks. fr 


In e to its uſe, this inſtrument may 
ſerve to obſerve the artificial, as well as the 
atmoſpherical Electricity. When it is to 
be uſed for artificial Electricity, this elec- 
trometer is ſet upon a table or other con- 
venient ſupport; then it is electrified by 
touching the braſs cap E F with an electri- 
fied body, which Electricity will ſome- 
5 | 1 
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times be preſerved for more than an hour * 3 
in this ſtate, if any electrified ſubſtance is 
brought near the cap E F, the corks of the 
electrometet, by their converging or diverg- 
ing more, will ſhew the 1 of that 
body's Electricity. 


Before we proceed, it is ail to re- 
mark, that to communicate any Electricity 
to this electrometer, by means of an ex- 
cited electric, e. g. a piece of ſealing- Wax 
(which we ſuppoſe as always negatively 
electrified) is not very readily done in the 
uſual manner, becauſe-of the cap E F being 
well rounded, and free from points or ſharp 
:dpes.. By the approach; of the wax, the 
electrometer will be cauſed to diverge; but 
as ſoon as the wax is removed, the wires 
Immediately collapſe. The beſt method-to 
lecrify it, is to bring the excited wax ſo 
near the cap, that one or both the corks 
ay touch the fide of the bottle CD MN; 
after which, they will ſoon collapſe and ap- 
dear unelectrified; if now the wax is re- 
* I once made an electrometer of this ſort, which 
duld continue to be electriſſed for above 12 hours, 
ind that in a room without fire, | 
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moved, they will again diverge, and remain 
_ electrified poſitively. 


In this operation, the wax does not im- 
part any of its Electricity to the electro- 
meter, but only acts by means of its at- 
moſphere, viz. when the excited wax is firſt 
brought near the braſs cap E F, (agreeable 
to the well-known law of Electricity, 
and according to Dr. FRaxnxL1Nn's hypo- 
thefis) it determines the electrie fluid 
naturally belonging to the corks, towards 
the cap ; hence the corks repel each other. 
Now, if in this ſtate they touch the fides of 
the glaſs CD MN, they acquire from it a 
quantity of electric fluid equal to that 
which, by the action of the excited wax, 
was driven towards the cap; conſequently 
they collapſe, and appear uneleQrified. 
Notwithſtanding this appearance, the cap 
is actually overcharged; ſo that when the 
wax is removed, the overplus of the electric 
fluid, which the corks had acquired from 
the glaſs and tin-foil ſtuck upon it, and 
which was crowded upon the cap, becauſe 
of the negative atmoſphere of the wax, 
now diffuſes itſelf equally through the cap, 
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the wires, the corks, &c. and therefore the 
corks repel each other with poſitive Elec- 
tricity. 


If, inſtead of the ſealing-wax excited ne- 

= WH gatively, an electric poſſeſſed of poſitive 
ſt Wl Electricity be uſed, the electrometer ac- 
le quires the negative Electricity, and the ex- 
y. planation, mutatis mutandis, is the ſame as 
o- above. | 


ds By conſidering this remark it will ap- 
er. WH pear, that when this electrometer is electri- 
of Wl fied either pofitively or negatively, and an 
t a electried body be brought towards the 
hat braſs cap, the Electricity of that body will 
ax, de of the ſame kind with that of the elec- 
tly trometer if the corks increaſe their diver- 
ed. gency ; but it will be of the contrary kind 
if the corks approach one another, 


When this inſtrument is to be uſed to 
try the Electricity of the fogs, the air, the 
clouds,  &c, the obſerver is to do nothing 
more than to unſcrew it from its caſe, and, - 
holding it by the bottom A B, to preſent it 
to the open air, a little above his head, fo 
G 3 — that 
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that he may conveniently ſee the corks P, 
which will immediately diverge if there is 
any ſufficient quantity of Electricity; whoſe 
nature, z. e. whether poſitive or negative, 
may be aſcertained by 'bringing an excited 
piece of ſealing- wax, or other electric, 
towards the braſs cap E F. 


It is perhaps unneceſſary to remark, that 
this obſervation muſt be made in an open 
place, as the roads out of town, the fields, 
the top of a houſe, &c. 


In the roads between Iſlington and Lon- 
don, I have often made uſe of this inſtru- 
ment: by which I have confirmed the ob- 
ſervations of TO RONAVNE, Eſq; 
who firſt diſcovered the Electricity of the 
fogs, as teſtified by a paper of his publiſhed 
in the Phil. Tranſactions; and who has re- 
marked, that a fog is very rarely not elec- 
trified, but in froſty weather the air is con- 
ſtantly electrified. | 


Promiſtuous Experiments. 


Having had frequent occaſion to obſerve 
how difficult it is to deprive ſealing-wax 
**  -4 hs of 


ax 
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of its Electricity entirely, after it has been 
well excited, I. had the- curioſity to try 
whether water could effect it; in order to 
that, I tied a ſtick” of ſealing-wax to a 
filk ſtring, about a yard long, and after 
having excited it very powerfully with flan- 
nel, I plunged it in a tin veſſel full of wa- 
ter, and immediately drawing it out, 
brought a very ſenſible electrometer near it, 
and obſerved, that at firſt it ſhewed no ſign 
of Electricity, but in about half a minutes 
time it manifeſted a ſmall, but very ſenſible 
degree of negative Electricity. A glaſs 
tube treated in the ſame manner, was de- 
prived of all its Electricity by the water. 


I have often remarked, that after having 
excited a glaſs tube with the amalgamed 
rubber, in the uſual manner, the part of it 
which had been under my hand was nega- 
tive. This minus ſtate was ſtill more con- 


ſpicuous, when I graſped with my hand 


the part next above, ' v/2z. part of that 


which had been excited poſitively by rub- 
bing. In the ſame manner, when I excite 
a ſtick of ſealing-wax by rubbing it with 
flannel, I often find, that the part of it 

G 4 which 


contrary ſtate of Electricity, viz. poſitive. 
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which I had held with my band was in a 


Being deſirous of trying the conducting 
power of the effluvia of burning bodies, in 
a manner more ſatisfactory than it had 
hicherto been done, I contrived an inſtru- 
ment for that purpoſe, which is repre- 
ſented in fig. 5 *. The handle of it, A B, 
is a glaſs tube, into the extremity B of 
which, a wire EI, and a ſmaller glaſs 
tube BC, are cemented by means of ſeal- 
ing-wax, From the extremity of this 
ſmall tube, another wire GF proceeds, 
which, as well as the wire E I, is bent at 
top, ſo that the extremities of both wires 
E F may be about one-tenth of an inch 
from one another. G H is a ſmall wire, 


faſtened to the wire F G, and to the extte- 


mity of the handle, ſo that when the in- 
ſtrument is held in one's hand, this wire 
touches the hand, K is a ſmall cork-ball 
eletrometer, which, when the inſtrument 
is to be uſed, is affixed to the pin D, which 
proceeds from the wire IE. When ex- 


» TBis fig, is half the real fize of the inſtrument. 
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periments are to be tried with this inſtru- 
ment, the electrometer K muſt be affixed to 
the pin D, and muſt be electrified fo as the 
cork-balls may diverge as far as poflible : 
this done, the extremities E F of the wires 
are brought within the effluvia that are to 
be tried, which, if they are of a good con- 
ducting nature, will complete the commu- 
nication between the two wires E F, and 
diſcharge the electrometer of its Electri- 
city; otherwiſe the electrometer will re- 
main electrified for a conſiderable time. 
The experiments which I made with this 
inſtrument are neither numerous, nor ſo 
often repeated as to be depended upon; 
excepting one only, which perhaps it will 
not be uſeleſs to mention: I found that 
the fumes arifing by the action of a lens 
from the amalgam of tin-foil and mercury, 
conducted ſo badly, that the elerometer 
loſt its Electricity in a time very little leſs 
than is required without any fumes what- 
ever. | 


CHAP, 
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Experiments © concerning the E fret of Ek Kri- 
city in V. acuo. 


EFORE we begin with the narration 
of the experiments made with a view 
of aſcertaining the effects of Electricity in 
vacuo, it will be proper to mention the ſtate 
bes” be e HI to electric attraction 
and repulſion, conducting power, and the 
1 of electric light in vacuo. 
4 3 3 at 
The inquifitive Mr. BoyLE, cow the 
Etter end of the laſt century, obſerved, that 
excited electrics would attract in the vacuum 
of his air- pump; in conſequence of which 
he concluded that the preſence or abſence 
of air did not interfere with electric attra o- 
tion. In the beginning of the preſent cen- 
tary Mr. Grey repeated Mr. BoyLe's ex- 
periments, and, like him, found that elec- 
trics would attract at nearly the ſame diſ- 
tance in vacuo as in air. He likewiſe 
my ſome other experiments in vacuo, 


concerning 
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concerning electric attraction and repulſion, 
from which the ſame deductions could be 
inferred. After Mr. GREY divers other 
ingenious perſons repeated ſuch- like expe- 
riments, and came to very nearly the fame 
concluſion; but F. BeccaRia ſeems to 
have been the firſt perſon who aſſerted, that 
in a perfect vacuum there is no electrie at- 
traction, and his aſſertion is certainly true. 
1 ; 
As for the electric light in vacuo, nume- 
rous obſervations concerning its diffuſibility 
and various ſhades of its colours in a moderate 
degree of exhauſtion have been made with 
ſufficient accuracy by Mr. HAUksBEx, 
Mr. du Fay, Abbe NoLLerT, F. Becca- 
RIA, and others, who likewiſe obſerved that 
the vacuum was a conductor of electricity; 
but it is related by Dr. PxixsTLEV, in his 
firſt volume of experiments and obſerva- 
tions on different ſorts of permanently elec- 
tric fluids, that Mr. Warn, affiſted by 
Mr. de Loc, having made a double ba- 
rometer, in which the quickſilver had been 
accurately boiled ſo as to expel all the air 
from the tube, found that the vacuum in 
(he arched part of this double barometer 
Was 
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was not a conductor of Electricity, nor any 
electric light could be ſeen in it. This 
remarkable diſcovery was lately confirmed 
by ſome ingenious experiments of Mr. 
Mon AN, deſcribed in the -75th vol. of the 
Phil. Tranf, ; but my experiments, which are 
related in this chapter, were made not with 
a torricellian vacuum, but with an excellent 
air-pump, v2. that recommended in the 
preceding part of this work “. 


EXPERIMENT JI. 


In a glaſs receiver, of fix inches diameter 
and nine inches in height, having a braſs 
cap, a braſs wire of , of an inch in diameter 
was fixed to its cap, and proceeding through 
the middle of the receiver, its lower extre» 
mity was five inches diſtant fram the aper- 
ture of the receiver, and of courſe of the 
plate of the air-pump, when the receiver 
was 'placed upon it. A fine linen thread 
was faſtened towards the top of the wire, and 
about four inches of it hanged freely along 
| the braſs wire, and almoſt in contact with it. 


 * An-account of thoſe experiments was read at the | 
e eee | h 
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The extremity of the wire, which paſſing 
through the braſs cap projected out of the 


receiver, was furniſhed with a ball, Thus 


prepared, the receiver was placed upon the 
plate of the pump, without any leather, or 
any thing elſe beſides a little oil on its out- 
fide edge, which muſt be always underſtood 
in all the other experiments related in' the 
courſe of this chapter. Then the exhauſt» 
ion was commenced, and at intervals ſome 
Electricity was communicated; either by the 
approach of the Conductor of an electrical ma- 
chine, or the knobof a charged jar, tothe braſs 
ball of the wire, in order to obſerve the ſtrength 
of the repulſion of the thread fromthe wire in 


different degrees of rarefaction, which de- 


grees were aſcertained by the ſhort baro- 
metrical gage. Proceeding in this manner, 
it was obſerved, that till the rarefaction did 
not exceed one hundred, to wit, till the 
air remaining within the receiver was not 
leſs than the hundredth part of the original 
quantity, whenever the Electricity was com- 
municated to the braſs ball, the thread feſt 
adhered to the wire, and then was repelled 
by it; though this repulſion became ſmaller 
and ſmaller, according as the exhauſtion 


came 
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came nearer to the above-mentioned degree. 
The clinging of the thread to the wire firſt, 
was becaule, being dry, it required ſome time 
before it acquired a ſufficient quantity of 
Electricity from the wire, and conſequently 
it was not immediately repelled. When the 
air within the receiver was exhauſted above 


one hundred times, the thread was not firſt 


attracted and then repelled as before, but 
only vibrated a little backwards and for- 
wards, and then remained in the ſituation in 
which-it ſtood when Electricity was not con- 
cerned. By exhauſting the receiver till 
farther, the vibration of the thread when 


electrified was gradually diminiſhed ; ſo that 


when the degree of rarefaction was above 
five hundred, ſparks and the diſcharge of a 
jar only made the thread vibrate in a man- 
ner juſt ſenſible; but this vibration, however 
ſmall, did never become quite inſenſible, 
even hen the receiver was exhauſted to the 
utmoſt power of the pump, which was very 
near one thouſand. After this the air was gra- 
dually admitted into the receiver, and at va- 
rious intervals the ball of the braſs wire was 
elecrified, in order to obſerve whether the 
ſame phenomena appeared at the different 
a9 degrees 
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degrees of exhauſtion. as had done before ; 
and they were found to agree with fun 
exactneis. 


EXPERIMENT II. 


The braſs wire within the ſame glaſs re- 
ceiver was made very ſhort, and from its ex- 
tremity, a fine linen thread, fix inches long. 
was ſuſpended; and upon the plate of the 
pump a ſmall braſs ſtand with a braſs pillar 
was placed; ſo that when the receiver was 
put upon the plate, and over the braſs ſtand, 
about one inch length of the thread ſtood 
parallel to, and at various required diſtances 
from, the braſs pillar “. In this diſpoſition 
of the apparatus, whenever any the leaſt 
quantity of Electricity was communicated 
to the knob of the braſs wire, the thread was 
immediately attracted by the braſs pillar, and 
adhered to it ſome time, becauſe, being dry, 
it did not immediately part with the acquired 
Electricity. At various degrees of exhauſtion, 
the electricity being communicated to the 
braſs ball of the wire, it was found, that the 


1 This diſtance was n by . the * wire 
which paſſed through a collar of leather in the braſs 
cap of the receiver. 

thread 
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thread was always attracted by the braſs 
pillar, though from a greater or leſs diſtance, 
according as a greater or leſs quantity of air 
remained within the receiver. Thus when 
the air was rarefied about one hundred times, 
the thread was attrafted from about one 
inch; when the air was rarefied two hun- 
dred times, it was attracted from about + of 
an inch; when the air was rarefied three 
hundred times, it was attracted from about 
is3 and after this it was always attracted 
from about one twentieth, even when the air 
within the receiver was rarcfied about one 
thouſand times. It is remarkable, that when 
theair in the receiver is rarefied about three 
hundred times, if a jar is diſcharged through 
the vacuum, by touching its knob with the 
ball of the wire on the receiver, the thread 
is not in-conſequence of it attracted by the 
| braſs pillar; the reaſon of which ſeems to 
be, becauſe that large quantity of Electricity 
opens at once a way through the vacuum, 
and paſſes through every part of it; where- 
as a ſmall quantity of Electricity, even the 
action of a ſmall electrical machine in the 
fame room, at no very great diſtance from the 


apparatus, 
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apparatus, will cauſe the thread being at- 
tracted by the braſs pillar. 


EXPERIMENT III. 


The braſs ſtand, with the pillar, and the 
thread which proceeded from the wire, being 
removed from under the receiver, a very ſen- 
fible electrometer was faſtened, inſtead of the 
thread, to the extremity of the braſs wire. 
This electrometer conſiſted of two very fine 
filver wires, each about one inch long, and 
having a ſmall cone of cork at its extremi- 
ty. The ſenſibility of ſuch an electrometer 
is really ſurpriſing ; for even the Electricity 
of a ſingle hair excited, does ſenſibly affect 
it; and, as its ſuſpenſion is almoſt without 
any friction or other impediment, it never 
deceives one by appearing to be electriſied 
when in reality it is not ſo. With this 
preparation, the receiver being placed upon 
the plate of the air-pump, the air was gra- 
dually exhauſted, and at intervals fome 
Electricity was communicated to the ball 
on the outſide of the receiver, either by an 
excited electric or by a charged jar, and it 
was found that the corks of the electrome- 

We. II. H H ter 
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ter were always made to diverge by it, even 
when the air was exhauſted as much-as 
poſſible. Indeed their divergency was ſmall- 
er and ſmaller, and laſted a ſhorter time, 


according as the air was more exhauſted, but 
it was viſible to the laſt. 


la this experiment, analogous to what has 
been obſerved in the preceding, when the 
air was exhauſted above thice* hundred 
times, if a jar was diſcharged through the 
vacuum, or a ſtrong ſpark was given to the 
knob on the top of the receiver, the corks of 
the electrometer diverged very little indeed, 
and but for an inſtant; whereas a ſmall 
quantity of Electricity made them diverge 
more, and remain much longer in t. chat ſtate, 


is feemgdeducible from ihoſe experiments, 
that electric attraction and repulſion take 
place in every, degree of rare faction, from 
the loweſt to about one thouſand, but that 
the power een in proportion as the 
air is more and more rarefied; and by fol. 
lowing the low, we may perhaps conclude 
with F. BeccaR1a, that there is no. elec- 


tric attraction nor repulſion in a, perfect va- 
. 5 x 6 cuum: 
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cuum : though this will perhaps be impoſ- 
ſible to be verified experimentally, becauſe 
when in an exhauſted receiver no attraction 
or repulſion is obſerved between bodies to 
which Electricity is communicated, it will 
be only ſuſpected, that thoſe bodies are not 
ſufficiently ſmall and light, But if we con- 
ſult reaſon, and which alone ought to aſſiſt 
us when deciſive experiments are not prac- 
ticable, it ſeems likely that electric attrac- 
tion and repulſion cannot take place in 2 
perfect vacuum, by which I only mean a 
perfect abſence of air ; becauſe either this 
vacuum is a Conductor or a Non - conductor 
of Electricity. If a Conductor, and as much 
nearer to perfection as it becomes more free 
from air, it muſt be a perfect Conductor at 
the ſame time that it becomes. a perfect va- 
cuum, in which caſe electric attraction or 
repulſion cannot take place among bodies 
incloſed in it; for, according to every notion 
we have of Electricity, thoſe motions indi 


cate. or are the conſequence of the! interyen- 


ing ſpace in ſome meaſure obſtructigg. the 
free paſſage of the electric fluid. And if 
the perfect vacuum is a perfect N. on=conduc- 
tor, then neither electric attraction nor re- 


pulſion can happen in it. 
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ExXPERIMENT IV. 

In my former experiments having always 
obſerved the electric light in the receiver of 
the air- pump, even when the air was rare- 
fied to the utmoſt power of that machine, 
I thought proper to repeat that experiment 
with receivers of various ſizes ; and accord- 
ingly have uſed receivers of above two feet 
in height, and ſome of as large a diameter as 
the plate of the pump could admit, which 
is about fourteen inches, but the light in it 
was always viſible, only with different co- 
lours in different degrees of exhauſtion, and 
always more diffuſed and at the ſame time 
leſs denſe when the air was more rarefied, 
which ſeems to render probable, that, when 
the air is quite removed from any ſpace, the 
electric light is no longer viſible in it, as it 
muſt have been the caſe with the experiment 
of Mr. Wat. sn's double barometer ; for it 
is a maxim very well eſtabliſhed in Electri- 
city, that the electric light is only viſible 

vhen the electric fluid, in paſſing from one 
body to another, meets with ſome oppoſition 
in its way; and according to this propoſi- 
tion, when the air is entirely removed from a 
given 
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given receiver, the electric fluid paſſing 
through that receiver cannot ſhew any light, 
becauſe it meets with no oppoſition ; but 
this will not account for the receiver ever 
becoming a Non- conductor. 0 


Having juſt mentioned, that according as 
the air is more and more rarefied in a receiver, 
ſo the electric light becomes gradually more 
faint, it will be proper to add, that the elec- 
tric light is more diffuſed and leſs bright in 
an exhanſted receiver than in air: thus, when 
the receiver is not exhauſted, the diſcharge 
of a jar through ſome part of it will appear 
like a ſmall globule exceedingly bright, but 
when the receiver is exhauſted, the diſcharge 
of the ſame jar will fill the whole receiver 
with a very faint light ; whereas ſome per- 
ſons, by ſeeing the whole receiver illuminated, 
are apt to ſay that the light of Electricity is 
rendered ſtronger and greater by the ex- 


hauſtion, 


EXPERIMENT V. 


It is mentioned by Mr. NAlx Nx, in the 


67th vol, of the Philoſ. Trank. that having 
| | H 3 put | 
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put a piece of leather, juſt as it comes from 
the leather-ſellere, into the receiver of an air- 
pump, and afterwards having rarefied the air 
in it one hundred and forty-cight times, the 
electric light appeared very faint in it; 
whereas, without the leather, and even when 
the air was much more rarefied, the light of 
the electric fluid, when made to paſs through 
the receiver, was much more apparent. In 
conſequence of this obſervation,, I ſuſpect- 
ed that a little moiſture in the receiver, 
or ſome other effluvia of ſubſtances, might 
perhaps prevent the appearance of the elec- 
tric light in rarefied air, and with this view 
I began to put various ſubſtances ſucceſſively 
into the receiver, and after rarefying the air 
by working the pump, ſome electric fluid 
was made to paſs through the receiver. 


When a piece of moiſt leather was put 
into the recciver the air could not be rarefied 
above one hundred times, and the electric 
light appeared divided into a great many 
branches; though at the ſame time another 
ſort of faint light filled up the whole cavity 


of the receiver. 


When a linen rag, moiſtened with a mix- 
| ture 
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ture of ſpirit of wine and water, was put into 
the receiver, the pump could not exhauſt 
above forty times, and the light of Electri- 
city appeared divided into many branches, 


A wine-glaſs full of olive oil placed under 
the receiver, prevented very little the ex- 
hauſtion of the pump, the air being rarefied 
above four hundred times, The electric 
light appeared exactly as it uſually does in 
the ſame degree of rarefaction when no oil 
is under the receiver, v:z. a uniform faint * 
light inclining to purple or red. 


Concentrated vitriolic acid placed in a 
glaſs under the receiver, produced no parti- 
cular effect. As for the other mineral acids, 
they were not tried, becauſe, being volatile, 
they would have damaged the pump. 


Dry ſolids, that had a conſiderable ſmell, 
as ſulphur, aromatic woods previouſly made 
very dry, and ſome reſins, produced no par- 
ticular effect, any more than ſome of them 
prevented a very great degree of exhauſtion, 
owing to ſome moiſture which ſtill ad- 


hered to them. 
H 4 From 
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From theſe experiments it appears, firſt, 
that in the utmoſt rarefaction that can be 


effected by the beſt air-pump, which amounts 
to about one thouſand, both the electric light 
and the electric attraction, though very weak, 
are ſtill obſervable; but, ſecondly, that the at- 
traction and repulſion of Electricity become 
weaker in proportion as the air is more ra- 
refied, and in the ſame manner the intenſity 
of the light is gradually diminiſhed. Now 
by reaſoning on this analogy we may con- 
clude, that both the attraction and the light 
will ceaſe in a perfect abſence of ait; but 
this will never account for this perfect vacu- 
um ever becoming a Non -· conductor of Elec- 
tricity ; for ſince the electric fluid is very 
elaſtic, and expands itſelf with more and more 
freedom in proportion as the reſiſtance of the 
ait is removed, it feems unnatural that it ſhould 
be incapable of pervading a perfect vacuum: 
however, the fact ſeems to be fully aſcertain 
ed by Mr. Wals and Mr. MorGan, 
and the only thing that remains to be done 
s to inveſtigate the cauſe of ſo remarkablę 


a property. 
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2 1 
THE RACTICE OF MEDICAL 


ELECTRICITY. 


CHAP. I. 


General Remarks relating to Medical 
Electricity. 


HE wonderful effects of that un- 
known cauſe generally named Elec- 
tricity, ſoon after the diſcovery of the 
electrical machines, were applied as a re- 
medy for various diſorders incident to the 
human body. The firſt hints of this ap- 
plication, ſeem to have been ſuggeſted by 
obſerving the effects produced upon thoſe 
perſons that were electrified for curioſity ; 
who being generally afraid of that extraor- 
dinary power, attributed entirely to it all 
thoſe effects, which might in great meaſure 
have been attributed to fear and apprehen- 
ſion: ſuch were an increaſed perſpiration, 
heat, increaſe of pulſation, &c. The num» 
ber of patients that were eleQrified at that 
FE is prodigiqus, and the pretended cures 
7 effected 
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effected by it were wonderful indeed. Ac- 
counts of thoſe miracles performed by Elec- 

tricity, were publiſhed in various parts of 
Europe, together with the methods of elec- 
trifiying the patients; to which were added, 
ſuch theories as, allowance being made for 
the infancy of Electricity at that time, would 
ſeem impoſſible ever to have been propoſed 
to the public. Thoſe theories were uſually 
enforced by the account of experiments, 
which often proved falſc upon examination *. 
Indeed, if electrical machines could not be 
procured at preſent, we could hardly enter- 
tain any doubt concerning the veracity of 
thoſe accounts, which had all the appearance 
of authenticity. But at preſent a much 
better acquaintance with the ſcience of Elec- 
tricity, than philoſophers had abqut thirty 
or forty years ago, and leſs faith in the ac- 
counts of the generality of thoſe perſons, 
whoſe intereſt it is to. promote the uſe of 
Electricity in medicine; has pointed out 
the effects of that power upon the human 
body, in various circumſtances, and has 


* The medicated cylinders for electrical machines, 
are a remarkable inſtance of this kind, See Dr. 
PRIESTLEY's Hiſtory of Electricity. | 


ſhewa 
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ſhewn how far we may confide in it; eſta» 
bliſhing, upon indiſputable facts, that the 
power of Electricity is neither that admi- 
rable panacea it was conſidered by ſome 
fanatical and intereſted perſons, nor fo uſeleſs 
on application as others have aſſerted; but 
that, when properly managed, it is an 
harmleſs remedy, which ſometimes inſtan- 
taneouſly removes divers complaints, gene- 
rally relieves, and often perfectly cures va- 
rious diſorders, ſome of which could not bo 
removed by the utmoſt endeayours of phy- 
ſicians and ſurgeons, 


When the firſt rumour occaſioned in Eu- 
rope by the accounts of pretended, and of a 
few real wonders, performed by means of 
Electricity, had in ſome meaſure ſubſided, 
many creditable and experienced phyſicians, 
who, juſtly conſidering it as their duty, had 
undertaken to examine the power of this 
new remedy, publiſhed ſome unſucceſsful 
applications of Electricity in divers diſeaſes ; 
in which caſes, they had not only preſcribed 
the electrization, but the operation had 
been . performed either by themſelves, or 
under their inſpection, Theſe publications 

; gave 


108 A CoMPLETE TREATISE 


gave a new turn to the reputation of medi- 
cal Electricity; and fince that time, the 
generality of phyſicians and ſurgeons had 
not the leaſt regard for its medical ap- 
plication ; ſo that the practitioners of it 
were rather conſidered as fanatics and 
impoſtors. However, an attentive exami- 
nation of this ſubjeR, after ſeveral trials, and 
after overcoming in great meaſure the rooted 
prejudice amongſt phyficians, began to efta- 
 blich anew the reputation of medical Elec- 
tricity ; and ſhewed that many applications 
of Electricity, publiſhed. in the above-men- 
tioned. accounts, had proved unſucceſsful, 
becauſe the operation was not managed 
properly; ſo that it had been the abuſe, and 
not the uſe of Electricity, that had proved 
- unſucceſsful, and in ſome caſes even detri- 
mental ; for at that time, ſtrong ſhocks and 
ſtrong ſparks were generally adminiſtered, 
which a long ſeries of experjments and 
obſervations has proved to be generally 
uſeleſs or hurtful, Mr. LoveT, who prac- 
tiſed medical Electricity for a long time, 
was, as far as I know, the firſt who proteſted 
againſt the uſe of ſtrong ſhocks ; and in an 
eſſay of his, intituled, Subtil Medium proved, 

aſſerts, 
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aſſerts, that the ſhocks to be uſed in medical 
Electricity ſhould be very ſmall ; by which 
treatment he hardly ever failed of curing, 
or at leaſt relieving his patients, 


Electricity, different from other. phyſical 
applications, requires rather a nicety of ope- 
ration than a thorough knowledge of the 
diſeaſe. That it is poſſible to apply Elec- 
tricity properly, without a juſt knowledge 
of the diſorder; may ſeem a paradox; but 
it will be preſently ſhewn, that to electrify 
a ſound part of the body together with the 
diſeaſed one, is by no means prejudicial; 
and that the degree of electrization muſt 
be regulated rather by the feeling of the 
patient, than by the ſpecies of diſorder; 
from whence it muſt follow, that the ap- 
plication of medical Electricity may be 
properly managed even with a ſuperficial 
knowledge of the diforder. It muſt; howe- 
ver, be confeſſed, that farther experience 
may poſſibly ſhew much eafier and more 


certain methods of applying it differently 


for different diſeaſes ; and therefore 'it is 
more likely that medical Electricity will 
receive improvements in the hands of ſkilfal 

phy ſicians 
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phyſicians or ſurgeons, than when managed 
by ignorant perſons, whoſe ſucceſs is ens 
tirely truſted to chance. 


The ſuperiority of Electricity over other 
remedies, in many caſes, may appear from 
conſidering, that medicines in general can- 
not always be confined to a particular part 
of the body, and to let them paſs through 
other parts is often dangerous, for which 
reaſon they cannot be uſed ; beſides, after 
that thoſe medicines have exerted their 
required power, they are with great diffi - 
culty, if at all, ſeparated from the body. 
But it is of no conſequence whether the 
power of Electricity paſſes through this or 
that other part of the body in order to come 
at the ſeat of the diſeaſe; and after having 
exerted. its action, it is inſtantly diſperſed 
hence it appears why Electricity has often 
cured ſuch obſtinate diſorders as have not 
yielded to any other treatment. 


Having in the ninth Chapter of Part I, 
given a ſummary view of the 'theory of 
Electricity, I ſhall here only mention a 
few hints, which may promote the inveſti- 

a gation 
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gation of the action of the electric fluid, 
eſpecially relating to its chymical action; 
viz. if it adds any principle to thoſe parts 
through which it paſſes, as an acid, an al- 
kali, the inflammable principle, &c. — The 
obſervations relating to this point are, firſt, 
that when any part of the body has been 
expoſed to the ſtream of electric fluid, it ace 
quires a ſulphutous, or rather a phoſphoric 
ſmell, which it retains for a conſiderable 
time. Secondly, when the ſtream of elec- 
tric fluid, iſſuing from a point, is directed 
towards the palate, a kind of acid taſte is 
perceived. Now this ſmell and taſte indi- 
cate, that the cleric fluid either alters the 
parts of the body, upon which it excites 
thoſe ſenſations, or that it carries along with 
itſelf ſome other principle, which. may per- 
haps be ſeparated from thoſe. ſubſtances, 
through which this fluid paſſes, previous to 
its impinging upon the body. Whether 
thoſe effects may be increaſed, diminiſhed, 
or turned to any uſe, and alſo whether they 
are quite indifferent with reſpect to medical 
Electricity, are matters that require farther 
experiments and conſiderations; for nothing 
certain has been yet determined reſpecting 


them. 
In 
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In various eperiments, when the electrie 
ſpark is taken in air, or other fluids, eſpeci- 
ally the tincture of certain flowers, it ſhews 
effects fimilar to thoſe, which the inflam - 
mable principle, or an acid, produces upon 
thoſe fluids . Theſe experiments have in- 
duced various perſons to ſuppoſe, that the 
electric fluid is phlogiſton, or an acid, or 
elſe a compound of both. But, conſidering 
that in thoſe caſes the action of the electric 
fluid as an-acid, or as phlogiſton, is exceed- 
ingly ſmall; and alſo conſidering the vio- 
lence with which it paſſes through the ſub- 
Nance of bodies, the ſarface of which it 
generally burns or melts in a ſmall degree; 
it ſeems more natural to ſuſpe&; that the 
above-mentioned effects are produced by 
that quantity of inflammable or acid prin- 
ciple, which the violent paſſage and eſcape 
of the electric fluid detaches from other 
bodies, rather than to conſider the electric 
fluid itſelf to be an acid, or the inflammable 
principle ; which ſeems to be very unlikely 
on various other accounts beſides. 


ges the laſt four experiments of the Third Part. 
A book 


WW 
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A book entitled De Pelefricit? du Corps 
humain, dans Fetat de ſante et de maladie, par 
P Abbe Bertholon, was publiſhed a few years 
ago in France. In this work, the author, 
conſidering the uſual Electricity of the atno- 
ſphere, imagines that the human body con- 
tinually abſorbs that Electricity of the air, 
and that this abſorption is made through 
the pores of the ſkin, as well as through 
the lungs in the uſual act of reſpiration 
and, as the quantity of air which enters 
into the lungs of a man in the courſe of one 
day, is by the author eſtimated to about 
1,152,000 cubic inches, he thence deduces, 
that the quantity of Electricity thus ab- 
ſorbed by the human body is aſtoniſhingly 
great. The author ſucceſſively examines 
the influence of this abſorbed Electricity 
upon the functions of the body, viz. upon 
muſcular motion, upon the circulation of 
the blood, upon reſpiration, digeſtion, 
ſecretions, and even upon the morals of 
men. He alſo takes notice of the Elec- 
tricity of ſeveral animals, and even mentions 
ſome qualities of the air, or of the aliments, 
which are proper to augment or diminiſh 
the Electricity of the human body. In the 

Vor, II. I application 
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application of thoſe principles to medicine, 
the author gives a table of diſeaſes, arranged 
in ſpecies and genera, and comprehended 
under ten claſſes; which diſeaſes, as he ſays, 
are occaſioned in great meaſure, if not 
wholly, by Electricity, either poſitive or ne- 
gative; and which may be cured by one 
or the other of thoſe two electrical powers, 
according as the ſigns concomitant the dif- 
eaſe may indicate. 


The Abbe Bertholon alfo treats of the 
influence of atmoſpherieal Electricity upon 
the number of births or deaths, and other 
things of the like nature. 


A perſon verſed in Electricity, conſider- 
ing that the air next to the body of a man, 
in his uſual mode of living, is ſeldom if 
ever ſenſibly electrified, and alſo that the 
human body is a ready conductor of Elec- 
tricity, beſides many other obvious confide- 
_ rations, muſt naturally ſuſpe& that. the 
author of the above-mentioned work has 


indulged his fancy perhaps too much, 


Direction: 


Directions for © the praftical Application 
of Electricity for the Cure of various 
Diſeaſes. 

MITTING the deſcription of the 


electrical machine, and the manner 
of preſerving it in good order (which 


things are to be found in the firſt part of ., 


this work) I ſhall only obſerve, with re- 
ſpe& to the electrical machine in general, 
that its fize ſhould not be ſo ſmall as was 
thought ſufficient ſome time ago, when the 
ſmalleſt machines were ſuppoſed to be ſuf- 
fciently uſeful for the purpoſe. It is ſome- 
what remarkable, that when a ſmall power 
of Electricity is to be uſed, large machines 
ſhould be recommended ; whereas, a ſhort 
time ago, ſtrong ſhocks were adminiſtered, 
and ſmall electrical machines were uſed 
but it muſt be conſidered, that when ſhocks 
are given, very ſmall ele&rical machines can 
charge a Leyden phial much ſtronger than 
required; but when the ſtream is uſed, 
which has lately been found to be far more 
efficacious, then the ſmall machines are 

I 2 moſtly 
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moſtly uſeleſs. Probably the largeſt ma- 
chines will not be found to afford a ſtream 
too ſtrong for medical purpoſes ; but the 
uſeful ones, which do not require a great 
labour to be put in motion, and may fur- 
niſh a ſtream ſufficiently denſe, ſhould have 
the glaſs globe or cylinder about nine inches 
in diameter, which, with a proportionate 
Conductor, may uſually give ſparks about 
three-inches long. Whether the rubber of 
theſe machines ſtands upon a glaſs pillar or 
not, viz. whether it may be occaſtonally 
inſulated or not, ſeems to be immaterial 
with reſpect to medical Electricity: but as 
to have it fituate upon a glaſs pillar is uſeful 
for electrical experiments in general, and 
perhaps it may be found hereafter, that ne- 
gative electrization is beneficial in ſome 
diſorders, a perſon who is to chooſe a new 
electrical machine, may rather have the 
rubber fixed upon a glaſs pillar, than other- 
wiſe. Mr. NAIRN's new machine has every 
neceſſary advantage *. 


With ſuch machines, the power of Elec- 
ricty ſhould be ſo regulated, as to apply 
» See vol. I. p. 165. 


every 
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every degree of it with facility and readi- 
neſs; beginning with a ſtream iſſuing out 
of a metal point, next uſing a wooden 
point, then ſmall ſparks, ſtronger ſparks, 
and laſtly ſmall ſhocks. Every one of 
theſe methods may be increaſed or dimi- 
niſhed conſiderably, by a proper manage- 
ment: thus, by turning the wheel of the 
machine ſwifter or ſlower, the ſtream of 
electric fluid may be regulated according 
as the circumſtances may require. The 
ſparks may alſo be made ſtronger or weak- 
er, by taking them at a greater or leſs diſ- 
tance, and by turning the wheel ſwifter or 


ſlower ; and ſo of the reſt, 


- 


It is impoſſible to preſeribe the exact 


degree of electrization that muſt be uſed 


for various diſorders ; for perſons of dif- 
ferent conſtitutions, although afflicted with 
the very fame diſeaſe, require different de- 
grees of ele&rization, Some perſons are of 
ſo delicate and irritable a conſtitution, that 
the ſmalleſt ſparks give them as much pain 
as ſhocks do to others. On the contrary, 
ſome people can ſuffer pretty ſevere ſhocks 
without poſitive pain ; and I have heard, 

I 3 though 
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though never ſaw any, of perſons who were 
inſenſible of any electrie power, even of 
conſiderably ſtrong ſhocks. 


In reſpect to this important point, the 
operator muſt be certainly inſtructed by 
experience; however, in the beginning, 
he may be aſſiſted by the two following 
rules. Firſt, he ſhould begin to admini- 
ſter to his patients the very ſmalleſt degree 
of electric power, which he ought to con- 
tinue for a few days, ſo as to obſerve whe- 
ther it produces any good effect, which if 
it fails to do, he ſhould then increaſe the 
ſtrength of Electricity; and ſo proceed 
gradually till he finds the effectual method, 
which he ſhould follow without variation, 
till the patient is intirely cured. In ſhort, 
the operator ſhould always uſe the ſmalleſt 
degree of electric power, that is ſufficient 
for the purpoſe. A little practice will 
enable him to determine at once what 
degree of Electricity, is required for his 
patient, without any uſeleſs attempts. 
Secondly, the degree of eleQrization to 
be adminiſtered, ſhould never exceed that, 
which the patient can conveniently ſuffer ; 
n experience 
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experience ſhewing, that when the appli- 
cation of any degree of Electricity is very 
diſagreeable to the patients, they very ſeldom 
mend. 


The inſtruments which, beſides the 
electrical machine and its prime Conduc- 
tor, are neceſſary for the adminiſtration of 
medical Electricity, may be reduced to 
three; vix. an electric jar, with Mr. Lane's' 
electrometer; an inſulated chair, or an in- 
ſulated ſtool, upon which a common chair 
may be occaſionally ſet; and the directors v. 


Thoſe inſtruments are delineated in 
the fifth plate. Fig. 1. repreſents the 
electric jar, with Mr. Lanz's electro- 
meter, and the manner in which the 
ſhocks are ſent through any particular part 
of the body. The ſurface of the jar, which 
is coated with tin-foil, ſhould be about four 
inches in diameter, and fix inches high, 
which is equal to about ſeventy-three' 


Various other inſtruments uſeful in medical elec-/ 
tricity, are deſcribed in divers books, but thoſe men- 
tioned above are ſufficient to anſwer every required 


purpoſe, 
mT I 4 ſquare 
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ſquare inches. The braſs wire, which paſ- 
ſes through the covering of the jar and 
touches the inſide coating, has a braſs ball, 
F, to which the electrometer FDE is 
faſtened ; and proceeding a little farther up, 
terminates in another braſs ball B, which 
ſhould be ſo high as to touch the prime 
Conductor A, which is ſuppoſed to ſtand 
before the electrical machine, The electro- 
meter conſiſts in a glaſs ſtick FD, cemented 
to two braſs caps F and D; from the latter 
of which a ſtrong perpendicular braſs wire 
proceeds, the extremity of which comes 
as high as the center of the ball B, and is 
furniſhed with an horizontal ſpring ſocket, 
through which the wire CE, having the 
braſs ball C at one end, and the open ring 
E at the other, may be flided backwards 
and forwards, ſo as to ſet the braſs ball C 
at any required diſtance from the ball B. 
This diſtance, at moſt, needs not be greater 
than half an inch; hence the electrometer 
may be made very ſmall. Sometimes ſmall 
diviſions are marked upon the wire CE, 
which ſerve to ſet the balls B and C at a 
given diſtance from one another, with 
more readineſs and io. Now ſup- 
poſe 
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poſe that the jar is ſet contiguous to the 
prime Conductor, that is, with the ball B 
touching the Conductor; that the ball C be 
ſet at one tenth of an inch diſtance from 
the ball B; and that, by means of wire, a 
conducting communication be formed from 
E to the outſide coating of the jar, as is re- 
preſented by the dotted line in the figure. 
In this caſe, if che electrical machine be put 
in motion, the jar will be charged; and 
when the charge is ſo high as that the elec- 
tric fluid accumulated within the jar can 
leap from the ball B to C, which we have 
ſuppoſed to be one tenth of an inch aſunder, 
the diſcharge will happen, a ſpark appearing 
between the ſaid balls, and the ſhock paſſes 
through the wire repreſented by the dotted 
line; for the part F D of the electrometer 
being of glaſs, generally covered with ſeal- 
ing- wax, is impervious to Electricity, con- 
ſequently the electric fluid has no other 
way through which it can paſs from the 
inſide to the outſide of the glaſs jar. When 
the ſhocks are to be given with this appa- 
ratus to any particular part of the body, for 
inſtance, to the arm, then, inſtead of the 
dotted line repreſenting a wire, which muſt 


now 


122 A Court zr TREATISE 

now be ſuppoſed as not exiſting in the figure, 
two ſlender and phable wires, EL, I L, are 
to be faſtened, one to the open ring E of the 
electrometer, and the other to the braſs hook 
F of the ſtand HI, which communicates 
with the outſide coating of the jar“. The 
other extremities of the ſaid wires are faſten- 
ed each to the braſs wire L, and L, of the 
directors K L, K L. Each of thoſe inſtru- 
ments, juſtly called directors, conſiſts of a 
knobbed brafs wire L., which by means of 
a braſs cap is cemented to the glaſs handle 
K. The operator, holding them by the 
extremity of the glaſs handle, brings their 
balls into contact with the extremities of 
that part of the body of the patient through 
which he deſires to fend the ſhock. The 
management and convenience of this appa- 
ratus are eaſily comprehended by inſpecting 
the figure; for when the machine is in mo- 
tion, and the apparatus, &c. is ſituate as in 
the figure, the diſcharge of the jar muſt be 


If the jar has not the ſtand HT, the extremity I 
of the wire I L may be fimply reſted, under, or may be 
tied round it. In ſhort, it muſt be put in contact 
with the. outhde coating of the jar, in any convenient 
manner. | | 

"T% evidently 
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eridently made through that part of th 

patient's arm, which lies between the 
knobs of the directors; and the operator, 
whilſt an aſſiſtant keeps the machine in 
motion, has nothing more to do, than to 
hold the knobs of the directors to the 
extremities of the arm, or to any other 
part of the body that is required to be thus 
electrified; always taking care that the two 
wires EL, IL, do not touch each other, 
becauſe in that caſe the ſhock will not paſs 
through that part of the body which is re- 
quired to be electrified. Thus any number 
of ſhocks, preciſely of the ſame ſtrength, 
may be given, without altering any part of 
the apparatus, or having any farther trouble; 
and when the ſtrength of the ſhocks is re- 
quired to be diminiſhed or increaſed, it is 
only neceſſary to diminiſh or augment the 
diſtance between the balls BC, which is 
done by flipping the wire C E forwards or 
backwards through the ſpring ſocket that 
holds it. | 


It is almoſt ſuperfluous to mention, that 
when ſhocks are adminiſtered, it is imma- 
terial whether the patient ſtands upon the 

ground, 
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ground, upon the inſulating ſtool, or in any 
ether fituation whatever. It is neither 
always neceſſary to remove the cloaths from 
the part that muſt be electrified, in order 
to let the knobs of the directors touch the 
ſkin ; for, except the coverings be too many 
and too thick, in which caſe part of them 
at leaſt ſhould be removed, the ſhocks will 
go through them very eaſily, eſpecially if 
the knobs of the directors be preſſed a little 


upon the part. 


In the courſe of this eſſay we ſhall de- 
ſcribe the ſtrength of the ſhocks by the 
diſtance between the balls B and C of the 
elerometer, which we ſhall expreſs by 
parts of an inch; ſuppoſing that the ſaid 
electrometer is fixed upon ſuch a jar as we 
have deſcribed above, viz, whoſe coated 
part, beſides the bottom, may be equal to 
about 73 ſquare inches, and whoſe glaſs is 
moderately thin; for a larger or thicker jar 
with the ſame electrometer, ſet at the ſame 
diſtances, - will produce a much different 
effect, as muſt be obvious to any perſon a 
little acquainted with the ſcience of Elec- 
tricity. 1 ' | 

Beſides 
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Beſides the directors mentioned above, 
there are other kinds of directors, which 


ſerve for throwing the ſtream of electric 


fluid, and other ſimilar purpoſes. Theſe 
are delineated in fig. 2. and 3. The di- 
rector D, in fig. 2. is much like thoſe de- 
ſcribed above, excepting only that its wire 
is bent, and inſtead of having any ball, it 
terminates in a point, to which 1s affixed a 
piece of wood about one inch or one inch 
and a half long, pointed on one end, though 
not very ſharp, and having a hole on the 
other v. The operator ſhould have by him 
various ſuch wooden pieces, of different 
length and thickneſs, as E E, ſo as to ſhift 
them according as circumſtances may re- 
quire ; for ſometimes the wooden pieces 
are too dry or too damp, or the machine is 
in bad order, &c. in which caſes the itream 
of electric fluid would be either too ſtrong 
or too weak, if the ſame wooden point was 
always uſed. The wood proper to make theſe 
pointed pieces ſhould be rather of a ſoft 
kind, than hard, as box wood and lignum 
vitæ are, 2 | 

* Theſe directors are ſometimes made with very 


ſlender and annealed wires, ſo that they may be bended 
in eyery required direction, 


In 
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In order to throw the electric fluid with 
this director, let a wire B, proceeding 
from the prime Conductor A, fig. 2. be 
faſtened to the wire of the director D E, 
which the operator muſt hold by the extre- 
mity of the glaſs handle, and muſt manage 
it ſo as to keep the wooden point at about 
one or two inches diſtance from the body 
of the patient . This diſtance, however, 
muſt be regulated according to the conſtitu- 
tion of the patient, the ſtrength of the elec- 
trical machine, and other circumſtances, 
which will be ſuggeſted by a little practice. 
The electric fluid iſſuing from the. wooden 
point, has a power which is intermediate 
between that of the ſtream proceeding from 
a metal point, and the power of the ſparks; 
but yet it is in general the moſt efficacious 
method of electrization, and therefore no 
"pains ſhould be ſpared in order to adminiſter 

it in the beſt poſſible manner. This ſtream 
conſiſts of a vaſt number of exceedingly 
ſmall ſparks, accompanied with a little 


* When this or any other operation is performed, 


the electric jar, and in general any inſtrument not ac- 
tually neceſſary, muſt be removed from the prime Con- 


ductor, and even from the table if that is rather ſmall. 
wind, 


* 
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wind, which gently irritates the part elee- 
trified, and gives a warmth which proves 
very agreeable tc the patients, Sometimes, 
when the machine is very powerful, and the 
wooden point is ſhort or ſplit, a very full 
and pungent ſpark iſſues from it; which is 
a very difagreeable accident, eſpecially when 
the part electriſied is very delicate. In order 
to avoid this inconvenience, the operator 
ſhould firſt try the goodneſs of the point, 
before he begins the operation ; which he 
may do by throwing the ſtream upon his 
own hand or face, 


The above-mentioned method of elec- 
trifying, gentle as it may appear, will ne- 
vertheleſs be found too ſtrong for ſome per- 
ſons, eſpecially when uſed for open ſores 
upon delicate parts; in which caſes the 
wooden point muſt be removed, and the 
electric fluid muſt be ſimply thrown 
from the met:1] point of the director, which 
muſt now be kept at a greater diſtance 
than when the wooden piece was upon it. 
The electric fluid iffuing out of this pointed 
wire of the director, occaftons only a gen- 
tle wind upon the part towards which it 

6 1s 
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is directed, and is far from being diſagee- 
able even to the moſt delicate conſtitution. 


It might be naturally ſuſpected, that ſo 


gentle and nearly inſenſible a treatment 


could hardly be of any efficacy; but my 


reader may be aſſured, that to my certain 
knowledge, deduced from the practice of 
perſons who have had long experience in 
this ſubject, this method of electrization, 
vix. the throwing the fluid with a metal 
point, has often mitigated pains, and cured 
obſtinate and dangerous diſeaſes, which 
could not-be removed by any other _— 
that was tried. 


In general this treatment, upon delicate 
nervous conſtitutions, is as efficacious as 
the other, vix. the throwing the fluid with 
a wooden. point, is to ordinary conſtitutions. 
In ſeveral caſes, eſpecially of open ſores, 
the electric fluid iſſuing out of a wooden 
point has conſtantly increaſed the pain, and 
even enlarged the ſore; whereas the fluid 
iſſuing out of the metal point has effectu- 
ally diminiſhed both. 


2 The 
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The ſtream iſſuing out of a wooden 
point may be directed towards the eyes of 
the patient, without any apprehenfion of 
hurting him; in which caſe the operator 
ſhould keep the eye-lid open with one 
hand. Indeed there might be ſome caſes, 
though I ſeldom heard of any, in which 
this treatment may be thought to be too 
ſtrong ; then the metal point only may be 
uſed, | 


The ſtream ifſuing both out of th 
wooden and of the metal point, acts even 
through the cloaths, if they are not too 
thick; hence it may be uſed without in- 
commoding the patient; but when it is 
convenient to uncover the part that is to be 
electrified, it is much preferable to direct 
the fluid immediately upon the ſkin. 


In this operation, the practitioner muſt 
mind to ſhift the point of the direQor 
about, ſo that the ſtream of electric fluid 
may be directed not only towards the 
affected part, but alſo to the places about 
it; alternately returning to the ſame place, 
and moſtly inſiſting upon the part princi- 
pally affected. 


Vor. II. K The 
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The patient in this operation may alſo 
ſand in every ſituation that may happen to 
be more convenient to him. 


When more proper inſtruments cannot 
be had, directors may be made by ſticking 
large pins upon ſticks of ſealing-wax, as 
is repreſented at K, fg. 2. 


Sometimes the wire B, which forms 
the communication between the prime Con- 
ductor and the director, throws a conſidera- 
ble quantity of electric fluid into the air, 
Which weakens the ftream iſſuing from the 
point. In order to remedy this inconye- 
nience, I contrived a conducting wire, which 
being. uſed by ſome of my friends, who 
practiſe Medical Electricity, has been found 
to anſwer yery well the purpoſe of not diſ- 
ſipating the electric fluid. This conducting 
communication is formed of a ſilver, gold, 
or copper thread, ſuch as are uſed for lachs, 
which conſiſt of a ſmall lamina of metal 
twiſted round a filk or linen thread. This 
metal thread, or two of them, I involve in 
' afilkribbon, which is coiled and ſewed very 
tight upon it, leaving only a loop of the 

metallic 
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metallic thread uncovered at each extremity, 
one of which is to be faſtened to the prime 
Conductor, and the other to the wire of the 
director. See G H, fig. 2. 


This fort of conducting communication, 
beſides its preventing the diſſipation of the 
electric fluid, is much more pliable than 
the ſtiff wire commonly uſed, and conſe» 
quently may be managed more eaſily, 
It may be alſo uſed inſtead of the wires 
EL, IL, fig. 1. in the operation of giving 
ſhocks, | 


Two other directors different from the 
above-mentioned, are delineated in fig. 3. 
Their uſe is to draw ſparks from the in- 
fide of the ear in caſes of deafneſs, pains, 


&c. and alſo from the teeth or other inter- 
nal parts of the mouth. The director B H 


conſiſts of a glaſs tube A B, about fix 
inches long, and open at both ends; the dia- 
meter of which may be about one tenth of an 
inch, and the ſubſtince of the glaſs rather 


thick. A cork is thruſted into one end of 
this tube, through which a wire paſſes ; one 


extremity of which is cut blunt and ſmooth, . 
| K 2. and 
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and comes within one or two tenths of an 
inch ſhorter than the end B of the tube. 
The other extremity H of the wire, is 
furniſhed with .a ſmall metal ball Long 
pins, ſuch as the ladies uſe for their hats, 
anſwer this purpoſe exceedingly well, when 
their points are filed off. The other direc- 
tor CD differs from that juſt deſcribed, in 
being only bent a little, for the convenien- 
cy of adapting it more eaſily to ſome parts 
within the mouth. 


When theſe direQors are uſed, the pa- 
tient muſt be fituated upon an inſulating 
ſtool, viz. a ſtool furniſhed with glaſs feet, 
upon which a chair may be placed. Then 
'a communication muſt be formed between 
the prime Conductor and the body of the 
patient, by means of any ſort of wire, eſ- 
pecially that repreſented by G H, fig. 2. 
or by the patient only touching the prime 
Conductor with his hand. In this caſe, it 
is eaſy to conceive that the patient be- 
comes part of the prime Conductor ; and 


if any blunt conducting body is brought 


near him, when the machine is in action, 


a 2 5 is obtained from him in the ſame 


manner 


* 
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manner as when the ſame blunt body is 
preſented to the prime Conductor itſelf. 
Every thing being thus far prepared, the 
operator holding the director A B or CD 
by its middle E or F with one of his 
hands, muſt bring the extremity B or D 
of the tube into contact, or nearly fo, with 
the inſide of the ear, mouth, &c. of the 
patient, as occaſion may require; and muſt 
bring the knuckle of a finger of his other 
hand within a ſmall diſtance of the ſmall 
knob H or G of the director, which will 
extract ſmall ſparks from it, and at the ſame 
time the like ſparks will happen between 
the other extremity of the wire within the 
tube, and the part of the patient's body 
towards which the inſtrument is directed. 


This is an excellent method to be prac- 
tiſed in caſes of deafneſſes, pains in the 
ears, tooth-achs, ſwellings within the 
mouth, &c. eſpecially becauſe it may be 
increaſed or diminiſhed at pleaſure ; viz. 


by drawing the wire G or H more or leſs 


from the extremity B or D of the tube, the 
ſtrength of the ſparks may be increaſed or 
diminiſhed, 

| K 3 Not 


134 A CoMpLlyTE TREATISE 

Not only fparks, but. alſo: the ſtream, of 
electric fluid may be drawn with thoſe 
directors. This is. done by bringing, (in- 
ſtrad of the knuckle). a pointed piece of 
wood near the ſmall knob H or G of the 
director; every thing elſe being diſpoſed as 
already directed. 


When ſparks are required to be drawn 
from any part of the body, the patient 
muſt be ſituated upon an inſulating ſtool, 
and muſt be connected with the prime 
Conductor in the manner directed above; 
then the operator bringing the knuckle 
of one of his fingers, or the knob, of a 
braſs wire like K L, fig. 3, oppoſite. to 
the affected part, will draw. the ſparks 
from it; which ſparks will paſs very ea- 
ſily through the cloaths, if they are not 
very thick. When the knobbed wire K L 
is uſed to draw. ſparks with, the operator 
muſt hold it by the extremity K, and pre- 
ſent the knob L, &c. : but it. may alſo be 
uſed to draw the fluid ſilently, in which 
caſe the point K muſt be preſented, and the 
knob L muſt. be held by the hand of the 
operator. Here a wooden point may alfo be 

uſed, 
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uſed, viz. by affixing it to the point K of 
the wire; which method anſwers as well 
as that of throwing the electric fluid' by 


means of a wooden or metal point, with 
the director D of fig. 2. deſcribed in the 


preceding pages. 


Sometimes it is required to take ſparks” 
from ſuch parts as are covered with thick 
cloaths, and the patient is rather* unwillmg* 
to uncover. In this caſe the beſt method 
is to ſituate the patient upon the inſulating” 
ſtool in contact with the prime Conductor, 
then to bring the knob of a director, like 
one of thoſe delineated in fig. 1. in con- 
tact wich the cloaths over the part required” 
to be electrified; whilſt the operator, hold 
ing the inſtrument by the extremity of its 
glaſs handle with one of his hands, brings 
the knuckle of one of his fingers, or the 
| knob of the wire K L, fig. 4. pretty near” 
the braſs cap of the director, 16 as t6 draw 
ſtrong ſparks from it; the forer of which" 
will be felt very ſmartly upon the part of 
the patient's body; for at the ſame time 
ſparks will happen there acroſs the cloaths, 
viz. between the part of the body of the 

K 4 patient, 
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patient, and the knob of the director, 
which, for better ſecurity, ſhould be preſſed 


a little upon the cloaths. 


In all thoſe caſes when the electric fluid, 
either in a ſtream or under the form of 
ſparks and ſhocks, is to be forced acroſs the 
cloaths, it is ſuppoſed that no metallic or- 
'naments ſhould be interpoſed, as gold or 
filver lace, long pins, and the like; for then 
the effects will vary conſiderably, according 


to the different circumſtances, 


There is another method of electrifying 
a diſeaſed part of the body, which cannot 
properly. be called drawing ſparks, though 
it comes very near to it. This manner of 
electrifying is effected in the following 
way : The patient is fituated upon the 
inſulating ſtool, and is made to communi- 
cate with the prime Conductor ; then a 
dry and warm flannel, either ſingle or 
double, according as it may be occaſionally 
thought more proper, is ſpread upon the 
naked part that muſt be electrified, and over 
this flannel the operator muſt put the knob. 


L, of the wire K L, fig. 3. quite into con- 
| | tact 
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tact with the flannel, whilſt he holds it by 
the other extremity K. Now when the 
machine is in action, the knob L of the 
wire muſt be ſhifted very quick and nimbly 
from place to place over the flannel ; in 
which manner a vaſt number of exceedingly 
ſmall ſparks will be drawn acroſs the flan- 
nel; which generally bring an agreeable 
warmth on the part, and prove very bene- 
ficial to the patient, at the ſame time that 
they do not cauſe any very diſagreeable ſen- 
ation. In caſes of paralytic limbs, rheu- 
matiſm, ſpreading pains, coldneſs of any 
particular part, &c. this treatment is of ſin- 
gular benefit. In the following pages we 
ſhall call it The method of drawing. ſharks 
through a piece of flannel, or lirgply, co draw 


ſparks through flannel. 


As for the inſulating chair, it is almoſt 
needleſs to give any particular directions 
concerning its conſtruction; it being no- 
thing more than a common wooden chair 
ſet upon an inſulating ſtool; or, as ſome 
perſons chooſe to have it, the chair itſelf 
is furniſhed with glaſs inſtead of wooden 
legs, which anſwers equally well. It is 

| requiſite 
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requiſite that no ſharp metallic points be 
put upon this chair; and even its wooden 
ornaments ſhould be rather blunt than 
ſharp-edged ; for points and edges in ge- 
neral diflipate the electric fluid conſider- 
ably, and conſequently weaken the power 
of the machine. The glaſs feet ſhould be 
at leaſt eight inches high; and, that they 
may inſulate the better, eſpecially in damp 
weather, they ſhould be covered with ſeal- 
ing. wax or good amber varniſh, In the 
conſtruction of this chair, a place ſhould be 
altrays provided, whereupon” the patient 
may reſt” his feet; the want of which is 
very difagreeable, becauſe it is abſolutely 
neceflary that the feet do not touch the 
floor, — When only a common chair is to 
be occaſionally ſet upon an infulating ſtool, 
the latter ſhould be made ſomewhat larger 
than the former, ſo that part of it may 
project before the chair, upon which the 
perſon to be electriſied may reſt his feet. 


Aﬀeer the deſcription of the inſtruments 
neceſſary for the adminiſtration of Medi- 
cal Electricity, I ſhall collect together ſome 
practical rules, which may ſerve for a guide 

\ to 
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to thoſe practitioners, who. have not yet 
been ſufficiently inſtructed by their own 


experience. 
General Rules ſor Practice. 


I. It ſhould be attentively abſerved, ta 
employ the ſmalleſt, force of Electricity, 
that is ſufficient to remove. or to alleviate 
any diſorder ; thus the ſhocks ſhould never 
be uſed when the cure may be effected 
by ſparks; the ſparks ſhould be avoided 
when the required effect can be obtained 
by only drawing the fluid with a wooden 
point; and even this laſt treatment ought” 
to be omitted, when the fluid drawn by 
means of a metal. point, may be thought 
ſufficient. The difficulty conſiſts, in diſ- 
tinguiſhing the proper ſtrength, of electric 
power that is required for. a given diſor- 
der, the ſex and conſtitution of the pa- 
tient being conſidered, In regard to this 
point, it is ĩimpoſſible to give any exact and 
invariable rules; the circumſtances being 
of ſuch a nature, and ſo various, that long 
experience, and a ſtrict attention to every 
particular phenomenon, are the only means 

by 


140 A ComerteTe TREATISE 
by which proper inſtructions may be re- 
ceived. The ſureſt rule, as we obſerved 
above, that can be given relating to this 
particular, is to begin by the moſt gentle 
treatment; at leaſt ſuch, that, conſidering 
the conſtitution of the patient, may be 
thought rather weak than ſtrong. When 
this. gentle treatment has been. found in- 
effectual for a few days, which is denoted 
by the diſeaſe not abating, and the appli- 
cation of Electricity not cauſing any warmth, 
or other promiſing phenomenon, upon the 
part electrized; then the operator may 
gradually increaſe the force of Electricity 
till he finds the proper degree of it. 


H. In judging of caſes proper to be 
elecrified, experience ſhows, that in gene- 
ral, all kinds of obſtructions, whether of | 
motion, of circulation, or of ſecretion, are 
very often removed or alleviated by Elec- 
tricity. - The ſame may alſo be ſaid of ner- 
vous diſorders ; both which include a great 
variety of diſeaſes. The application of 
Electricity has ſeldom intirely cured diſeaſes.” 
of a long ſtanding, although it generally 
relieves them. To perſons afflicted with 

the 
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the venereal diſeaſe, or to pregnant women, 
electrizat ion has been thought to be perni- 
cious ; but my reader may be affured, that 
even in thoſe caſes it may be uſed without 
fear, if it is judiciouſly managed. When 
pregnant women are to be electrified for any 
diſorder, the ſhocks ſhould be abſolutely 
forbidden ; and even when the other more 
gentle treatments are uſed, a conſtant atten- 
tion ſhould be given tg any ' phenomenon 
that may appear in the courſe of the elec- 
trization ; the method of which ſhould be 
increaſed, diminiſhed, or ſuſpended, accord- 
ing as circumſtances may indicate, As for 
the venereal diſeaſe, it will be hinted; in 
the courſe of this work, in what manner, 
and in which caſes, Electricity may be 
applied. 


III. In caſes of gathering tumours, the 
beſt method is to draw the fluid by means 
of a wooden point, or, if that proves painful, 
by a metal point. Sparks in theſe caſes, 
and alſo ſhocks, are often hurtful. In ſtiff- 
neſſes, paralyſies, and rheumatiſm, ſmall 
ſparks, eſpecially through a double flannel, 
and alſo very ſmall ſhocks (at moſt of one 
e tenth 
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tenth of an inch) may be uſed. Stronger 
ſhooks may be ſometimes, though ſeldom, 
adminiſtered for a violent tooth-ach, and for 
ſome internal ſpaſm of no long ſtanding. 


IV. When any limb of the body is de- 
prived of motion, it muſt be obſerved, that 
the privation of motion is not always origi- 
nated by a contraction of the muſcles ; but 
that it is often occaſioned by a relaxation ; 
thus, for inſtance, if the hand is bent in- 
wardly, and the patient has no power of 
ſtraightening it, the cauſe of it may be a 
weakneſs of the outward muſcles, as well 
28 2 contraction of the inward ones, In 
ſuch caſes, as it is often difficult even for 
good anatomiſts to diſcover the real cauſe, 
the ſureſt method is to electrify not only 
thoſe muſcles which are ſuppoſed to be 
contracted, but alſo their antagoniſts ; ; for to 
electrify a ſound muſcle is by no means 
hurtful, 


V. When the ſtream of electric fluid is 
thrown either with a wooden or metal 
point, the length of the operation ſhould 
be from three to ten minutes: more or 
a 2 leſs, 
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eſs, according as occaſion may require. 
When ſhocks are adminiſtered, their great- 
eſt number ſhould not exceed a dozen or 
fourteen, except when they are to be given 
to the whole body in different directions. 
The number of ſparks, when they are uſed, 
may generally exceed the number of ſhocks 
mentioned above. 


VI. Laſtly, it may be of uſe to mention, 
that when children muſt be electrified upon 
the inſulating chair, as it is difficult to let 


them ſtay without motion, the moſt conve- 


nient method is, to let another perſon fit in 
the inſulating chair, and to hold the child 
whilſt the operator is electrifying him. 


Having thus compriſed into a few gene- 
ral rules, the method of applying Electrici- 
ty with ſafety, we ſhall next deſcribe the 
particular treatment, which has been found 
more expeditious and beneficial in diſorders 
of various ſpecies ; and ſhall laſtly add ſome 
authentic caſes, which will ſerve as examples 
for the pony of practitioners, 


The minute detail of the apparatus ne- 
cellary 
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ceſſary for Medical Electricity, and ſeveral 
of the obſervations made on the particular 
uſe of it, may be thought more than neceſſary 
for a perſon who is maſter of the preceding 
part of this work; but as it is more than 
probable, that many perſons will conſult 
this book merely for the ſake of the medical 
part, I thought proper to prevent any poſ- 

| fible miſtake, or inſufficient inſtruction, 
which might ariſe from conciſeneſs. 


C41 A P. III. 


Containing the particular Method of admin 
 tring Electricity for various Diſeaſes, and 
the Account of ſome authentic Caſes. 
HE account of a few ſucceſsful caſes 
in Medical Electricity, as well as in 
any other branch of phyſic, does by no 
means eſtabliſh the reputation of the treat- 
ment, when a vaſt number of unſucceſsful 
trials are concealed from the eyes of the 
public. The variety of temperaments ob- 
ſervable in the human ſpecies, and the coin- 
cidence of circumſtances, is ſuch, that 
ſometimes very obſtinate diſorders ſeem to 


be cured by very trifling applications. The 
| phyſicians, 
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phyſicians, however, juſtly neglect thoſe 
kinds of treatment, becauſe they have actu- 
ally failed in a great many caſes ſeemingly 
of the ſame nature. 8 


In order, therefore, to give a proper eſti- 
mate of the efficacy of a remedy, it is ne- 
ceſſary to ſhew the proportion between the 
ſucceſsful, and the unſucceſsful trials ; 
without being amazed at one caſe, and 
neglecting many others. 


Agreeably to this obſervation, the reader 
will find in the following pages, an eſtimate 
of the effects of Electicity applied as a re- 
medy for various diſorders. This eſtimate 
has been deduced from the caſes which are 
hitherto come to my notice, and is there- 
fore likely to' receive much alteration and 
amendment by better information, and fu- 
ture obſervations. 


Rheumatic diſorders, even of long ſtand- 
ing, are relieved, and generally quite cured, 
by only drawing the electric fluid with a 
wooden point from the part, or by draw- 
ing ſparks through flannel. The opera- 
tion ſhould be continued for about four 

Vor. II. L or 
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or five minutes, repeating it once or twice 
every day. 


 Deafneſi, except when it is occaſioned ' 
by obliteration, or other improper configu- 
ration of the parts, is either intirely or partly 
cured by drawing the ſparks from the ear 
with the glaſs-tube-direQor, or by drawing 
the fluid with a wooden point. Sometimes 
it is not improper to ſend exceedingly ſmall 
ſhocks (for inſtance, of one-thirtieth of an 
inch) from one ear to the other.—It has 
been conſtantly obſerved, that whenever the 
ear is electrified, the diſcharge of the wax is 
conſiderably promoted, 


The tooth-ach, occaſioned by cold, rheu- 
- matiſm, or inflammation, is generally re- 
lieved by drawing the electric fluid with a 
point, immediately from the part, and 
alfo externally from the face. But when 
the body of the tooth is affected, electti- 
zation is of no uſe; for it ſeldom or ne- 
ver relieves the diſorder, and ſometimes 
increaſes the pain to a prodigious degree. 


Swellings in general, which do not con- 
tain any matter, are moſtly cured by 
on drawing 
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drawing the electric fluid with a wooden 
point *®, The operation ſhould be conti- 
nued for three or four minutes every day. 


Inflammations of every ſort are generally 
relieved by a very gentle electrization. 


In inflammations of the eyes, the throwing 
of the electric fluid by means of a wooden 
point, is conſtantly attended with great 
benefit ; the pain being quickly abated, 
and the inflammation being generally diſſi- 
pated in a few days. In theſe caſes, the 
eye of the patient muſt be kept open, and 
care ſhould be taken not to bring the 
wooden point very near it. Sometimes it is 
ſufficient to throw the fluid with a metal 
point; for in theſe caſes, too great an 
irritation ſhould be always avoided, It is 


not neceſſary to continue this operation 


for three or four minutes without inter- 
miſſion; but, after throwing the fluid for 
abont half a minute, a ſhort time may be 
allowed to the patient to reſt, and to wipe 


® It is very remarkable, that in ſome caſes of white 
ſwellings, quite cured by means of Electricity, even the 
bones and cartilages were in ſome meaſure disfigured. 


L 2 his 
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his tears, which generally flow very co- 
piouſly ; then the operation may be con- 
tinued again for another half minute, and 
ſo on for four or five times every day. 


The gutta ſerena has been often cured 
by electrization; but at the ſame time it 
muſt be confeſſed, that to my certain 
knowledge, Electricity has proved ineffec- 
tual in many ſuch caſes, in which it was 
adminiſtered for a long time, and with all 
poſſible attention. I do not know that 
ever any body was worſted by it. The 
beſt method of adminiſtring Electricity in 
ſuch caſes, is firſt to draw the electric fluid 
with a wooden point for a ſhort time, and 
then to ſend about half a dozen ſhocks of 
one-twentieth of an inch from the back and 
lower part of the head to the forchead, very 
little above the eye. 


A remarkable diſeaſe of the eyes was 
ſome time ago perfectly cured by electriza- 
tion; it was an opacity of the vitreous 
humour. This ſeems to be the only caſe 
of the kind, to which Electricity was ap- 
plied. 

All 
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All the caſes of Hula lacrymalis, as far 
as I am informed, that have been electrified 
by perſons of ability for a ſufficient time, 
have been entirely cured. The method 
generally practiſed, has been that of draw- 
ing the fluid with a wooden point, and to 
take very ſmall ſparks from the part. The 
operation may be continued for about three 
or four minutes every day. It is remarkable 
that in thoſe caſes, after curing the fiſtu- 
la lacrymalis, no other diſeaſe was occa- 
ſioned by it, as blindneſs, inflammations, 
&c. by ſuppreſſing that diſcharge. 


Paljies are ſeldom perfectly cured by 
means of Electricity, eſpecially when they 
are of long ſtanding and the intelle& is 
affected; but they are generally relieved to 
a certain degree, The method of electri- 
fying in thoſe caſes, is to draw the fluid 
with the wooden point, and to draw ſparks 
through flannel, or through the uſual cover- 
ings of the part, if they are not too thick. 
The operation may be continued for about 
five minutes per day. 


Ulcers, or open ſores of every kind, even 
| L3 of 


150 4 Comet eT® TrxEATISE 


of a long ſtanding, are generally diſpoſed 

to heal by electrization. The general ef- 
fects are a diminution of the inflammation, 
and at firſt a promotion of the diſcharge of 
properly formed. matter ; which diſcharge 
gradually leſſens, according as the limits 
of the ſore contract, till it is quite cured, 
In theſe caſes the gentleſt electrization 
muſt be uſed, in order to avoid too great 
an irritation, which is generally hurtful. 
To draw or throw the fluid with a wooden 
or even with a metal point, for three or 
four minutes per day, is quite ſufficient. 


Cutaneous eruptions have been ſucceſs- 
fully treated with electrization; but in 
theſe caſes it muſt be obſerved, that if the 
wooden point is kept too near the ſkin, fo 
as ta cauſe any conſiderable irritation, the 
eruption will ſometimes be cauſed to ſpread 
more ; but if the point be kept at about fix 
inches diſtance, or farther, if the electrical 
machine is very powerful, the eruptions 
will be gradually diminiſhed, till they are 
quite cured, In this kind of diſeaſe, the 
immediate and general effe of the wooden 
point, is to occaſion a warmth about the 

electrified 


on ELECTRICITY. 181 


elerified part, which is always a ſign that 
the electrization is rightly adminiſtered. 


The application of Electricity has per- 
fectly cured various caſes of Sr. Vitus 
Dance, or of that diſeaſe which is com- 
monly called ſo; for it is the opinion of 
ſome very learned phyſicians, that the real 
diſeaſe called St. Vitus's Dance, which 
formerly was more frequent than it. is at 
preſent, is different from that which now 
goes under that name. In this diſeaſe, 
ſhocks of about one-tenth of an inch may 
be ſent through the body in various direc- 
tions, and alſo ſparks may be taken, But 
if this treatment proves very diſagreeable 
to the patient, then the ſhocks muſt be leſ- 
ſened, and even omitted; inſtead of which, 


ſome other more gentle applications muſt 
be ſubſtituted. 


Scrophulous tumors, when they are juſt 
beginning, are generally cured by drawing 


the electrie fluid with a wooden or metal 


point from the part, This is one of thoſe 
kinds of diſeaſes in which the action of 


Electricity requires particularly the aid of 
L 4 other 
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other medicines, in order to effect a cure 
more eaſily ; for ſcrophulous affections ge- 
nerally accompany a great laxity of the 
habit, and a general cachexy, which muſt 
be obviated by proper remedies. 


In cancers, the pains only are moſtly 
alleviated by drawing the electric fluid 
with a wooden or metal point. I know 
of one caſe only, in which a moſt con- 
firmed cancer of very long ſtanding, on 
the breaſt of a lady, has been much re- 
duced in fize. It is remarkable, that this 
patient was ſo far relieved by drawing the 
fluid with a metal point from the part, 
that the excruciating pains ſhe had ſuffered 
for many years, did almoſt intirely diſap- 
pear; and alſo, that when the electric 
fluid was drawn by means of a wooden 
point, the pains did rather increaſe. This 
perſon, when I heard of her laſt, was ſtill 
under the application of Electricity; and the 
cancer ſeemed not unlikely to be perfectly 
cured, although contrary to the expectations 
even of the judicious phyſician who electri- 
* fied her, and who knows too well the na- 


ture of that dangerous diſeaſe. 
tht | Abſeeſſer, 
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Ai ſceſſes, when they are in their begin- 


ning, and in general whenever there is 
any tendency to form matter, electrization 
diſperſes them. Lately, in a caſe in which 
matter was formed upon the hip, called 
the lumber abſceſs, the diſeaſe was perfectly 
cured by means of Electricity. The ſciatica 
has alſo been often cured by it. In all ſuch 
caſes, the electric fluid muſt be ſent through 
the part by means of two directors applied 
to oppoſite parts, and in immediate contact 
either with the ſkin, or with the coverings, 
when theſe are very thin. It is very re- 
markable, that the mere paſſage of the 
electric fluid in this manner, is generally 
felt by the patients afflicted with thoſe di- 
ſorders, nearly as much as a ſmall ſhock is 
felt by a perſon in good health. Sometimes 
a few ſhocks have been alſo given, but it 
ſeems more proper to omit them; becauſe 
ſometimes, inſtead of diſperſing, they rather 
accelerate the formation of matter, 


In caſes of pulmonary inflammations, when 
they are in the beginning, electrization 
has ſometimes been beneficial ; but in con- 


firmed diſeaſes of the lungs, I do not know 
| that 
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that it ever afforded any unqueſtionable 
benefit; however, it ſeems that in ſuch 
caſes the power of Electricity has been but 
ſeldom tried. | 


Nervous head-achs, even of a long ſtand- 
ing, are generally cured by electrization. 
For this diſeaſe, the electric fluid muſt be 
thrown with a wooden, and ſometimes 
even with a metal point, all round the head 
ſucceſſively. Sometimes exceedingly ſmall 
ſhocks have been adminiſtered ; but theſe 
can ſeldom be uſed, becauſe the nerves of 
perſons ſubject to this diſeaſe are fo very 
writable, that the ſhocks, the ſparks,. and 
fometimes even the throwing the electric 
fluid with a wooden point kept very near 
the head, throws them into convulſions. 


The application of Electricity has often 
been found beneficial in the drop/y, when 
juſt beginning, or rather in the tendency. 
to a dropſy; but it has never been of any 
uſe in advanced drophes. In ſuch caſes, 
the cleric fluid is ſent through the part, 
in various directions, by means of two 
directors, and ſparks are alſo drawn acroſs 


| the 
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the flannel or the cloaths; keeping the 
metal rod in contact with them, and 
ſhifting it continually from place to place. 
This operation ſhould be continued at leaſt 
ten minutes, and ſhould be repeated once 
or twice a day.—Perhaps in thoſe caſes, a 
ſimple electrization, (viz. to inſulate the 
patient, and to connect it with the prime 
Conductor whilſt the machine is in action) 
continued for a conſiderable time, as an 
hour or two, would be more beneficial. 


The gout, extraordinary as it may ap- 
pear, has certainly been cured by means of 
Electricity, in various inſtances. The pain 
has been generally mitigated, and ſome- 
times the diſeaſe has been removed fo well 
as not to return again. In thoſe caſes, the 
electric fluid has been thrown by means of 
a wooden point, although ſometimes, when 
the pain was too great, a metal point only 
has been uſed, 


Agues very ſeldom fail of being cured by 
Electricity, ſo that ſometimes one electriza- 
tion, or two, have been ſufficient... The 
moſt effectual and ſure method has been 

that 


156 A ComeLeTE TREATISE. 


that of drawing ſparks through flannel, or 
the cloaths, for about ten minutes, or a 
quarter of an hour. The patients may be 
eleArified either at the time of the fit, or a 
fhort while before the time in which it is 
expected. 


The ſuppreſſion of the ordinary periodical 
Aures of women, which is a diſeaſe that often 
occaſions the moſt diſagreeable and alarming 
fymptoms, is ſucceſsfully and ſpeedily cured 
by means cf Electricity, even when the 
diſeaſe is of long ſtanding, and after the 
molt powerful medicines uſed for it have 
proved ineffectual. The caſes of this ſort, 
in which clectrization has proved uſeleſs, 
are ſo few, and the ſucceſsful ones ſo nu- 
merous, that the application of Electricity 
for this diſeaſe may be juſtly conſidered as an 
efficacious and pretty certain remedy. Great 
attention and knowledge isrequired, in order 
to diſtinguiſh the arreſt of the periodical 
fluxes from a ſtate of pregnancy. In the for- 
mer, the application of Electricity, as we ob- 
ſerved above, is very beneficial ; whereas in 
the latter, it may be attended with very 
diſagreeable effects; it is therefore a mattor 


of 
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of oreat «importance to aſcertain the real 
cauſe of the diſeaſe, before the Electricity 
be applied in thoſe cafes. Pregnant women 
may be electrified for other diſeaſes, but 
always uſing very gentle means, and di- 
recting the electric fluid through other 
parts of the body, diſtant from thoſe ſubſer- 
vient to generation. In the real ſuppreſſion 
of the uſual diſcharges, ſmall ſhocks, f. e. 
of about one-twentieth of an inch, may 
be ſent through the pelvis; ſparks may be 
taken through the cloaths from the parts 
adjacent to the ſeat of the diſeaſe ; and al- 
ſo the electric fluid may be tranſmitted by 
applying the metallic or wooden extremi- 
ties of two directors to the hips, in con- 
tact with the cloaths ; part of which may 
be removed in caſe they are too thick. 
Thoſe various applications of Electricity 
ſhould be regulated according to the con- 
ſtitution of the patient. The number of 
ſhocks may be about twelve or fourteen. 
The other applications may be continued 
for two or three minutes; repeating the 
operation every day. But either ſtrong 
ſhocks or a ſtronger application of Elec- 
tricity, than the patient can conveniently 

bear, 
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bear, ſhould be carefully avoided ; for 
by thoſe means, ſometimes more than a ſuf- 
ficient diſcharge is occafioned, which is not 
eafily cured, In caſes of uterine hæmorr- 
hages, I don't know that the application of 
Electricity was ever beneficial, neither that 
it has been often tried. —Perhaps a very 
gentle electrization, as to keep the patient 
inſulated and connected with the prime 
Conductor, whilſt the electrical machine is 
in action, may be of ſome benefit. 

In reſpect to unnatural diſcharges and 
fluxes in general, it may be obſerved, that 
ſome diſcharges are quite unnatural or ad- 
ventitious, as the fiſtula lacrymalis, and 
ſome ſpecies of the venereal diſeaſe; but 
others are only increaſed natural diſcharges, 
ſuch as the menſes, perſpiration, &c. Now 
the power of Electricity, in general, has 
been found more beneficial for the firſt, 
than for te ſecond ſort of diſcharges, 
which are moſtly increaſed by it. 


In the venereal diſeaſe electrization has 
been generally forbidden ; having moſtly 
increaſed the pains, and other ſymptoms, 

| raher 


ler 


on ELECTRICITY... 159 


rather than diminiſhed them, Indeed, 
conſidering that any fort of ſtimulus has 
been found hurtful to perſons afflicted 
with that diſorder, it is no wonder that 
Electricity has produced ſome bad effects, 
eſpecially in the manner it was adminiſ- 
tered ſome time ago, viz. by giving ſtrong 
ſhocks. However, it has been lately ob- 
ſerved, that a very gentle application of 
Electricity, as drawing the fluid by means 
of a wooden or metal point, is peculiarly 


| beneficial in various caſes of this kind, 


even when the diſeaſe has been of long 
ſtanding. Having remarked above, that 
tumors, when juſt beginning, are diſperſ- 
ed, and that unnatural diſcharges are gra- 
dually ſuppreſſed by a judicious electriza- 
tion; it is ſuperfluous to deſcribe particu- 
larly thoſe ſtates of the venereal diſeaſe in 
which Electricity may be applied; it is 
only neceſſary to remind the operator to 
avoid any conſiderable ſtimulus in cafes of 
this ſort. 4 


The application of Electricity has been 
found alſo beneficial in other diſeaſes 
beſides thoſe mentioned above; but as the 
| I2 facts 
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facts are not ſufficiently numerous, ſo as 
to afford the deduction of any general 
rules, I have not thought proper to take 
any particular notice of them; eſpecially, 
becauſe the effects of Electricity on the 
human body, in various circumſtances, 
have been already ſufficiently conſidered 
under general and comprehenſive heads. 


We may laſtly obſerve, that in many 
caſes, the help of other remedies to be 
preſcribed by the gentlemen of the faculty, 
is required to aſſiſt the action of Electricity, 
which by itſelf would perhaps be uſeleſs ; 
and on the other hand, electrization may 
often be applied to aſſiſt the action of other 
remedies, as of ſadorifics, ſtrengthening me- 
dicines, &c. 


„ While I was writing ſome of the 
« above caſes,” ſays Mr. BECKET, ** an 
« obſervation or two occured to me, which, 
„though perhaps of no great conſequence, 
« may not be amiſs to mention, as every 
«« particular effect of Electricity ſeems to 
ee be worthy of notice. 
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* One circumſtance attending ſome of 
the preceding cures, particularly. that 
of the paralytic, related by Mr. Jones, 
was a freſh and copious diſcharge of the 
blifters, which had been previouſly ap- 
plied to the patients,—This, I think, 
ſeems to be a pretty general conſequence 
of electrification; at leaſt, F have myſelf 
known many inſtances of it; particu- 
larly in one gentleman, whom I elec- 
trified for a paralytic complaint, and 
who had a bliſter applied to the back 
part of his neck. He informed me, 
that, in the night after his being elec- 
trified the preceding day, he found a 
much more copious diſcharge from the 
bliſter than at other times ; though the 
operation was no more than his ſtand- 
ing, for about a quarter of an hour, on 
the inſulated ſtool, while ſparks were 
drawn from the fide of his face. From 
hence it appears not impoſſible, that, in 
ſome caſes, bliſters may be attended with 
peculiar benefit, during a courſe of elec- 
trical treatment ; in others, perhaps, it 
might be worth while to make uſe of 
Electricity, merely to obtain a favourable 


diſcharge from the bliſters.” 
Vox. II. M Authentic 
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Ihe — of the following caſe 
wete communicated to me by Mr. PAR- 
a AR 


0 1 ES aged Gry n of a 
ſtrong robuſt conſtitution, was ſent from 
the Weſtminſter Diſpenſary, in Gerard- 
ſtreet, to Mr. PAR TIN GTO, in order to be 
electrified for a violent inflammation in 
bath bis eyes. The account he gave of 
his diſorder, was the following: Several 
dark objects of different ſhapes and fizes, 
ſeemed at firſt to obſtruct his ſight. This 
was ſucceeded by an inflammation in both 
his eyes, which increaſed with ſuch rapi- 
dity, that in a week's time he was brought 
to the degree of blindneſs that afflicted 
him till he was electrified. . He was im- 
mediately recommended to the Weſtmin- 
ſter Diſpenſary, where every poſſible at- 
tention was paid to his misfortune by 

Mr. 


Cc 
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Mr. Fon p, the ſurgeon of that place; 
but the obſtinacy of the diſorder was ſuch, 
that every endeavour made towards the 
relief of this poor man proved uſeleſs.— 
Bliſters and leeches, beſides the other uſual 
means, were applied without any efficacy 
whatever. ; 


About two months after the commence- 
ment of the inflammation, Mr. ForD re- 
commended him to Mr. PAR TINTO; 
who, on examining him, found that the eye- 
lids could not be opened withoùt the help 
of the fingers, and that when opened, the 
coats of the eye appeared of an uniform red 
colour. The ſight of the right eye, which 
was the moſt affected, was fo far impaired, 
that when it was turned towards a window, 
the eye-lids. being forced open, he could 
perceive only a red glare of light like a ball 
of fire; but the reſt of the room ſeemed to 
be equally dark, fo that he could not diſtin- 
guiſh any object in it. With the left eye he 
could diſtinguiſh colours, and the ſhapes of 
obje&s that were held to him, but in their 
ſizes he was commonly miſtaken. This 
diſorder was accompanied with excruciating 

M 2 pains, 
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pains, ſhifting from one part to the other, 
but principally inſiſting on his temples, 
and ſometimes darting to the back part of 
his head, or to the centre of his eyes. 


Mr. ParTiINGTON began to electrify 
him the 21ſt of October, 1776 ; and three 
days after the inflammation began viſibly to 
abate, and in a fortnight's time it was quite 
ſubſided ; but the pupil of the eye was fo 
nearly cloſed, that ſcarce any of it could 
be ſeen. He continued to be electrified 
every day for five weeks, and the pupil 
gradually dilated, till he attained a degree 
of ſight ſufficient to diſtinguiſh objects 
on the other fide of the way. The pains 
had now entirely left him, ſo *that he 
omitted the uſe of Electricity, and did not 
experience any farther inconvenience after 
it, 


This remarkable cure was effected by 
throwing the ſtream of electric fluid with 
a metal, and with a wooden point, The 
firſt inſtrument uſed, which was contrived 
by the late Mr. FexGusoN, conſiſted in a 
pointed braſs wire, faſtened by means of 

a cork 
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acork at the ſmaller end of a conical glaſs, 
open at both ends, and paſſing through 


the axis of this conical or funnel-like 


glaſs, its point came within about half an 
inch of the larger aperture of the glaſs. 
This inſtrument being deſigned to throw: 
the electric fluid upon the eye, was to be 
fixed ſo that the larger aperture of the glaſs 
ſurrounding the eye kept its lids open, and 
the point of the wire was oppoſite to the 
pupil, and about half or one inch from it. 
With this inſtrument it was obſerved that 
a ſpark often proceeded from the point of 
the wire, which occaſioned an inſufferable 
pain; for which reaſon Mr. PAR TIN GTox, 
who ſpares no pains to advance this branch 
of phyſic, thought of improving this inſtru- 
ment by fixing a wooden point upon the 
pointed wire, by which means the former 
inconvenience was entirely removed, and 
the ſtream of electric fluid was rendered 


more efficacious, and more eaſily Manage» 
able, 


This, as far as I am informed, was the 
firſt time that this moſt excellent method 
of throwing the electric fluid, viz. with a 


wooden point, was uſed, 
M 3 


N, B. The 
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N. B. The directors deſcribed in the 


' . preceding pages, the principal of which 


were | contrived by Mr. PARTINGTON, 
anſwer every required purpoſe, much better 
than the above-deſcribed inſtrument of 
Mr. FEROUsO N. 


CASE II. 


The following caſe is related by Mr. 
LoveTT, in his Electricity rendered njſeful : 


Having obſerved: the great efficacy of 
the electrical æther, in ſoon relieving moſt 
kinds of inflammations, I was inclined to 
think the ſame ſalutary effects would ap- 
pear when applied to the St. Anthony's 
Fire ; but when a caſe of that ſort offered, 
the inflammation was ſo great, that at firſt 
ſight I almoſt deſpaired'of ſucceſs. 


„About the middle of the day made 
the firſt trial, and before night the ſwelling 
was much abated, and in a few days quite 


cured, 


The operation was ſimply drawing 
ſparks with a finger, or am iron ſty le, while 
| | ; the 
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the perſon was electrified on the inſulating i 
ſtool,” | | " 


CASE III. 


The following cafe is * related by 
Mr. Lovers 


ANN THOMPSON, in Little Fiſh-ſtreet, 
Worceſter, was troubled with a fiſtula near 
the inner corner of her eye, which broke 
out, and healed; no leſs than ſeven: times. 
The laſt time it healed; it continued well 
for ſome time; after which it began with 
a ſmall ſwelling, and continued growing ; 
larger, till it was as big as a filbert ; when Y 
ſhe was adviſed to try Electricity. After 
the ſwelling was electrified, it ſoon de- 
creaſed, till it was entirely diſperſed ; and 
has continued well for more than' two , 
years, without the leaſt ſymptom of any 
return of the diſorder. — The operation 
was ſimply drawing ſparks from the part 
affected. * 


M4 CASE 
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CASE IV. 


The late Mr. FrROUsON being at Briſ- 
tol, was ſeized with a violent ſore throat, 
ſo that he could not ſwallow any thing. 
Being willing to try the power of Elec- 
tricity, Mr. Ap LAM, of that city, per- 
formed the operation; which was merely 
drawing ſparks from the throat. The 
electrization was repeated half an hour 
after, and was attended with ſo good and 
remarkable an effect, that in about one 
hour's time Mr. FRROGUS0O& could both eat 
and drink without pain. 


CASE. V. 


The following two caſes are related by 
Mr. Jonx BIxcn, Surgeon, 


«« A young woman, at the age of twenty- 
two, deſired my advice for a tumor on her 
thigh, which followed an unhappy acci- 
dent ſhe met with two years before, Her 
caſe was attended with many complicated 
fymptoms, and, among them, a ſuppreſ- 

| ſion 


r 
r 
d 
n 
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ſion of the menſes, which had laſted ſeven 
months. I thought it right to relieve, if 
poſſible, this ſymptom, before I proceeded 
to perform the operation, which was ne- 
ceſſary for the tumor. ' 


For three ſucceſſive days I paſſed ſome 
electric ſhocks through the region of the 
pelvis; and on the fourth, ſhe was attack- 
ed with a violent pain in her fide, which 
left her on applying the ſhocks to that part, 
In about three hours it returned, and I was 
ſent for. © I repeated the ſhocks, and the 
pain again vaniſhed. I viſited her fix hours 
after, when the pain had begun to attack 
the ſide. —I paſſed a ſtronger ſhock, which 
removed it, and ſhe ſlept well the whole 


night.— The next day, being the fifth, the 


menſes appeared, and flowed gently for 
three days; but ceaſing then, the pain of 
the fide returned, and was ſo violent, that 
I was ſent for in a hurry.—When I came 


to her, I found her in great agony ; but be- 


ing informed of the cauſe, | begged to 
make trial of Electr city once more, which 
ſhe readily conſented to, as ſhe had ex- 
perienced ſuch inſtantancous relief before. 

—On 
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Orr its application, the pain ceaſed. —A 
very ſhort time after, the flux came on, and 
continued two days.—I attended her for 
ſeveral weeks after, upon the former ac- 
count, and had the pleaſure to ſee her re- 
cover from all her complaints.” 


CASE VI. 


« was ſent for to à lady, who had 
deen afflicted with painful ulcers' on both 
her legs, for more than fifteen months. 
— They came after a+ lyiog-in, and had 
never heated; The legs were ſwelled, but 
the ulcers had no malignant appear- 
ance;—She told me, that ſince her laſt 
miſcarriage, Which was then more than 
ten months, ſhe had never been regular. 
She attributed the pain and ſwelling of 
her legs to that cauſe; and, upon enquiry, 
I ſound that ſhe was ſenſible of an endea- 
vour of nature to relieve herſelf at regular 
periods, and that the pain ſhe ſuffered at 
thoſe times was alleviated by a bloody diſ- 
charge from the ulcers.— I applied the 
proper dreſſings and bandages to the parts, 
_ WE the approach of that period. 

In 
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In about ten days, a pain ſeized her back, 
and ſhe began to complain of her legs: I 
then electriſied her; and the next day ſhe 
was taken out of order, and continued fo 
the whole week. The ulcers mended from 
that time, and were healed in three weeks 
afterwards.“ 


The reader may reſt aſſured, that caſes 
of this ſort are ſo frequent, that perhaps 
Electricity may be conſidered as a ſure re- 
medy for the arreſt of thoſe natural fluxes. 


CASE VII. 


The following caſe is extracted from the 


LXviiith volume of the Philolophical 
Tranſactions. 


4 Cure of a muſcular Contraction by Elec- 
tricity. By Mr. MiLzs PARTINGTON, 
in a Letter to WM. HENLY, F. R. 8. 


Charles: rect, Cauendiſb-ſguure, 


ö — Fung, 13, 1777. 
*DEAR SIR, : 


* It is ſome time fince, you informed 


me that you had mentioned to Sir Joux 


3 © PRINGLE, 


— — — — — —— = 
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PrinGLE, Miſs LIN GFIEIPD's cure by 


Electricity; that it excited his attention; 


and was his opinion, that the com- 
munication of it to the Royal Society 
would be deemed important and uſeful. 
I hope you will not blame my delay in 
the compliance with your requeſt. I 
have waited for no other purpoſe, than 
to obtain the lateſt account of the per- 
manency of thoſe good effects, which 
ſhe had then but recently experienced, 


from cur electrical experiments upon 


her. Of theſe advantages we have both 
had repeated confirmation; and I may 
now, I believe, with ſtrict propriety, 
from the notes I made for my own ſatis- 
faction, ſubmit the following particulars 
of them to the inſpection of whomſoever 
your judgment ſhall dire&, or to appro- 
priate them to any other purpoſe you 
pleaſe. As you were preſent when I firſt 
waited on this unhappy young lady, you 
will recollect the condition in which we 
found her. Her head was drawn down 
over her right ſhoulder ; the back part 
of it was twiſted fo far round, that her 
face turned obliquely towards the oppo- 

ite 


| 

4 
y 
- 


ce 


16 


ce 


cc 


«ce 


ce 


cc 


cc 


«ce 


on ELECTRICITY. 173 
ſite fide, by which deformity ſhe was 


diſabled from ſeeing her feet, or the ſteps, _ 
as ſhe came down ſtairs. The fterno- 


moſtoideus muſcle was in a ſtate of con- 
traction and rigidity. She had no ma- 
terial pain on this fide of her neck ; bur, 
owing to the extreme tenſion of the 
teguments of the left fide, ſhe had a pain 
continually, and often it was very vio- 
lent, particularly in ſudden changes of 
the weather. Her pulſe was weak, 
quick, and irregular. She was ſubject 
to a great irritability ; had frequently a 
little fever, which came on of an even- 
ing, and left her before morning : her 
ſpirits were generally exceedingly op- 
preſſed ; and at times ſhe was ſlightly 
paralytic, 


« She dated the origin of her diſorder 


at ſomething more than two years from 


* that period. She was ſuddenly ſeized, 


going out of a warm room into the cold 
air, with a pain upon the back of her 
head, which admitted of ſmall abate- 


« ment for ſome months, contracting gra- 


dually the muſcles to the melancholy 


te deformity ' 


Ty 
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« deformity we then beheld ; and not- 
s withſtanding every prudent means had 
* been uſed to ſubdue it, and ſhe ſtrictly 
*« adhered to every article preſcribed to her 
by the faculty, ſhe was ſenſible of little. 
« variation ſince, and that rather on the 
66 ANCE fide. 


*I urged her to make a trial of Electri- 
« city. She was willing while ſhe was in 
« London to try the experiment ; and 
though the weather was remarkably 
% tempeſtuous, the came to me the firſt 
* tolerable day, and was electrified the firſt 
time, February 18, 1777. | 


I placed her in an inſulated chair, and, 
* connecting it by a chain to the prime 
Conductor of a large electrical machine, 
I drew ftrong ſparks from the parts af- 
« feed, for about four minutes, which 
* brought on a very profuſe perſpiration 
«(a circumſtance ſhe had been unaccuſ- 
«© tomed to) which ſeemed to relax the 
% "moſtoideus muſcle to a conſiderable degree; 
© but as the ſparks gave her a good deal of 
* F. I deſiſted from drawing them, and 
r « Only 


cc 
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only ſubjected her a few minutes longer 
to the admiſſion of the fluid, which paſſed 
off without interruption from the pores 


** of her ſkin and adjacent parts. The next 


time ſhe came to me, was the 24th of 
the ſame month. As ſhe had been in the 
afternoon of the firſt day's experiment a 


good deal diſordered, I changed the mode 


of conducting the operation, and ſat her in 
a common dining chair, while I dropped, 
for five minutes, by the means of a large 
diſcharging rod with a glaſs handle, very 
ſtrong ſparks upon the mo/ta:deus.,mulcle, 
from its double origin at the fernum and 
clavicula to its inſertion at the back of the 
head. She bore this better than before, 
and the ſame good effect followed in a 
greater degree, and without any of the 
ſubſequent inconveniences. I ſaw. her 
the third time on the 27th. She aſſured 


me ſhe had eſcaped her feveriſh ſymp» 


toms of an evening, and that her ſpi- 
rits were raiſed by the proſpect of getting 
well; that fince the laſt time I electri- 
fied her, ſhe had more freedom in the 
motion of her head, than ſhe had ever 
experienced fince the firſt attack of her 

« diſorder, 


| 
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* diſorder. I perſiſted in electrifying her 
* after the ſame manner, March 3d, 5th, 
* Gth, 7th, and gth ; from each time ſhe 
gained ſome advantage, and her feveriſh 
* tendency and nervous Irritabeney went 
56 off entirely. 


The weather now ſetting in very un- 
4% favourable, and fearful of loſing the 
* advantages we had happily reaped from 
4 our early efforts, I requeſted the favour 
te of you, as the next-door neighbour, to 
% elerify her every evening while ſhe 
4% was in town, and ſhe might, if any al- 
4 teration took place, ſee me occaſionally. 
% Fortunately for her, you accepted the 
% propoſal ; and to your judgment and 
* caution in the conduct of it, for the next 
* fortnight (three evenings only excepted) 
* you brought about the happy event; and 
„ have received her teſtimony of gratitude, 
4 for relieving her from a condition, under 
4 which life could not be defirable, to a 
« comfortable aſſociation with her family 
* and friends. 


er I am, Ke. 


% The 
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The method I purſued was, to place 
the lady upon a ſtool with glaſs legs, and to 
draw ſtrong ſparks, for at leaſt ten minutes, 
from the muſcles on both ſides of her neck. 
Beſides this, I generally gave her two ſhocks, 
from a bottle, containing fifteen ſquare 
inches of coated ſurface, fully charged, 
through her neck and one of her arms, 
croſſing the neck in different directions. 
This treatment ſhe ſubmitted to with a 
proper reſolution ; and it gave me fincere 
pleaſure to find it attended with the deſired 


ſucceſs. 
W. Henry.” 


CASE VIIL 


The following caſe is extracted from the 
Lxixth vol. of the Philoſophical Tranſ- 
actions. | | 


An Account of a Cure of the St. Vitus's Dance, 
Electricity. Ina Letter from Aux r Hou 
FoTHERGILL, M. D. F. R. S. at North- 
ampton, ro W. Henry, F. R. 8S. 

SIR, Northampton, Oct. 28, 1778. 
Agteeable to my promiſe, I now pro- 
ceed to give you ſome account of a recent 
Vor. II. N cure 
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cure performed by Electricity, which will, 
I think, afford you much pleaſure. 


Ann Agutter, a girl of ten years of 
age, of a pale emaciated habit, was admitted 
an out-patient at the Northampton, Hoſpi- 
tal on _the,6th of June laſt. From her 
father's account it, appeared (for ſhe .wgs 
ſpeechleſs, , and with difficulty ſupported 
from falling by two aſſiſtants) that ſhe; bad 
for ſix weeks laboured under violent con- 
vulſive motions, which affected the whole 
frame, from which ſhe had very ſhort in- 
termiſhons, except during ſleep ; that the 
diſeaſe had not only impaired her memory 
and intellectual faculties, but of late had 


Arcen her of the uſe of ſpceeh. 


Volatile and fetid medicines were now 
recommended, and the warm bath every 
other night, but with no better ſucceſs, 
except that the nights, which had been 
reefs, became ſomewhat more compoſed. 
Bliſters. and anti- ſpaſmodics were directed, 
and particularly the flowers of zinc, which 
were continued till the beginning of July, 
but without the leaſt 3 of the 


each, 
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ſymptoms ; when her father growing im- 
patient of fruitleſs attendance at the hoſpi- 
tal, I recommended, as a dernier reſort, a 
trial of Electricity, under the management 
of the Rev. Mr. UNd DHR WOOD, am ingeni- 
ous electrician. After this E heard no more 


of her till the firſt of Auguſt, when her fa- 


ther came to inform me that his daughter 
was well, and defired ſhe might have her 
diſcharge. To which, after expreſſing my 
doubts of the cure, I conſented; but ſhould 
not have been perfectly convinced of it, had 
[I net received afterwards a full confirmation 
of it from Mr. UN DERwOop, dated Sep- 
tember 16 an extract from whoſe letter I 
will now give you in bis own. words. 


60 I have long expected the pleaſure of 
e ſeeing you, that I might inform you 
how 1 proceeded in the cure of the poor 
girl. As the caſe was particular, I have 
% been very minute, and wiſh you may 
find ſomething in it that may be uſefyl 
'« to others. If you think it proper, I beg 
% you will ſtate the caſe. medically, and 
** make it as public as you pleaſe. 


N 2 «« July 
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« July 5. On the glaſs-footed ſtool for 
te thirty minutes: ſparks were drawn from 


„ the arms, neck, and head, which cauſed 
0 conſiderable perſpiration, and a raſh 


te appeared in her forehead. She then 


* received ſhocks through her hands, arms, 


« breaſts, and back; and from this time 
«« the ſymptoms abated, her arms begin- 
* ning to recover their uſes ®, _ 


% July 13. On the glaſs-fobted ſtool 


* forty-five minutes: received ſtrong 


„ ſhocks through her legs and feet, which 


* from that time began to recover their 
« -wonted uſes; alſo four ſtrong ſhocks 
through the jaws, ſoon after which her 


= ſpeech returned, 


10 july 23. On the glaſs- footed ſtool 
*« for the ſpace of one hour: ſparks were 
„ drawn. from her arms, legs, head, and 
« breaſt, which for the firſt time ſhe very 


oy ſenſibly felt ; alſo two ſhocks through 
e the ſpine. She could now walk alone; 
% her countenance became more florid, 


s * 
— 


 * and all her faculties ſeemed wonderfully 


| * ” The coated bottle held near a quart. 
SS whos. * 


* 
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66 ſtrengthened and from this time ſhe 


continued mending to a ſtate of perfect 
* health, 


* Eyery time ſhe was elefrified poſi- 
* tively, her pulſe quickened to a great 


degree, and an eruption, much like the 


* itch, appeared in all her joints.“ 


Thus far Mr. Under woo. To 2 


plete the hiſtory of this ſingular caſe, 1 


this day (Oct. 28) rode ſeveral miles, on 
my return from the country, to viſit her; 
and had the ſatisfaction to find her in good 
health, and the above account verified in 
erery particular; with this addition, that 
a; the beginning of the diſeaſe, ſhe had 
but flight twitchings, attended with run- 
ning, ſtaggering, and a variety of invo- 
luntary geſticulations, which diſtinguiſh the 
dt, Vitus's Dance; and that theſe ſymp- 
ams were afterwards ſucceeded by convul- 
ons, which rendered it difficult for two 
ſſtants to keep her in bed, and which 
don deprived her of ſpeech and the uſe of 
ter limbs. The eruptions which appeared 
the parts electrified ſoon receded, 
N 3 without 


| 
| 
J 
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vrithout producing any return of the ſymp- 


toms, and therefore could not be called 


critical, but merely the effect of the clectti- 
cal ſtimulus. Having given her parents 
ſome general directions as to her regimen, 


&e; I took my leave; with a ſtrong injunc- 


tion to make me acquainted, in caſe ſhe 
ſhould happen to relapſe. Before I con- 
clude, it may not be improper to obſerve, 
that ſome time ago, I was fortunate enough 
to cure a boy who had long had the St. 
Vitus's Dance (though in a much leſs de- 
giert) by Electricity. A violent convulſive 
diſeaſe, ſomewhat ſimilar to the above, 
though, if I recollect right, not attended 
with* the apbonia, was ſucceſsfully: treated 
in the ſame way by Dr. WaTs0N, and is 
recorded in the Philoſophical Tranſactions. 
May we not then conclude, that theſe facts 
alone; and more might perhaps be produc- 
ed, are ſufficient” to intitle Electricity to a 
diſtinguiſhed place in the claſs of anti- ſpaſ- 
modics ? 


I am; &c. 


CASE 
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The following is one of thoſe caſes in 
which the uſe of Electricity was attended 
with bad ſucceſs: this caſe was related by 
Dr. HAR r of Shrewſbury, See the Philo- 
ſophieal Tranſactions, Vol. xLVIII. 


A girl, aged about ſixteen, whoſe right 
arm was paralytic, being electrified the 
ſecond time, became intirely paralytic, and 
remained in that ſtate for about a fortnight; 
then the ſuperadded paraliſy was removed, 
by means of ſome medicines; but the arm 
which was before paralytic, remained ſo. 
It ſhould be alſo added, that this arm was 
very much waſted in compariſon to the 
other. Notwithſtanding the firſt bad ac- 
cident, it was reſolved to make another 
trial of Electricity. But after uſing this 
treatment for three or four days. ſhe became 
again univerſally paralytic, and even loſt 
her voice, and could ſwallow with difficul- 
ty, This ſecond accident plainiy ſhewed 

N N 4 the 
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the bad effects of Electricity in that caſe, 
and the girl, although afterwards relieved 
of her additional paraliſy, remained in the 
fame ſtate ſhe was before the ule of Elec- 
tricity. 


In this caſe, it is ſuſpected that Electri- 
city was improperly managed; at that time 
it being uſual to give ſtrong ſhocks, which 
perhaps were pernicious in the above» 
mentioned caſe. 


CASE X. 


The following caſe was performed under 
the. direction of the learned Dr, Wu. 
Warsox, F. R. 8. 


A girl belonging to the foundling-hoſpi- 
tal, aged about ſeven, years, being firſt ſeiz- 
ed with a diſorder occaſioned by the worms, 
was at laſt, by an univerſal rigidity. of the 
muſcles, reduced to ſuch a ſtate, that her 
body ſeemed rather dead than alive. After 
that other medicines had been ineffectually 

| adminiſtered 
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adminiſtered for about one month, ſhe was 
at laſt electrified intermittedly for about 
two months, after which time ſhe was ſo 
far recovered, that ſhe could, without pain, 
exerciſe every muſcle of her body, and per- 
form every action as well as before ſhe had 
the diſtemper, 


The intelligent reader muſt have un- 
doubtedly remarked, that in ſome of the 
above caſes, the electrization adminiſtered 
was rather ſtrong, and different from the 
general rules given previous to the narra- 
tion of the caſes, But it muſt be obſerved, 
that ſome of the above caſes happened 
before the principal methods of electrify- 
ing, which are now uſed by the beſt prac- 
titioners, were introduced. Perhaps, in fi- 
milar caſes, the ſame ſalutary event might 
be produced by a more gentle electrization. 


A Letter 


F 
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A*"Letter from Mt. Mirrs PARTINGTON' 
to tbe Author. 


Cavendiſh Square, Auguſi the 10th, 1781. 
SIR, | 
As the poſſibility of a cure of a fiſtula. 
lacrymalis by Electricity has been publicly 
queſtioned, I am very glad to comply with 
your requeſt, in ſtating the ſucceſsful treat- 
ment of a diſeaſe of this kind under my 


own inſpection, 


Ann Woodward, between 20 and 30 
| years of age, was recommended to my caro 
| by Mrs, Swift, of King Street, Bloomſ- 

bury, in whoſe- ſervice ſhe then lived -I 
was told ſhe had a fiſtula lacrymalis, which 
had reſiſted every attempt to relieve her. 
I. ſhall deſetibe- the ſituation ſhe was in 
when I firſt ſaw her, and ſhall add her on 
account anterior to that period. There was 
a very violent inflammation in the left eye, 
attended with exceſſive pain, and almoſt 
continual flux of tears down the cheek, the 
n of which had conſiderably exco- 
riated 
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riated-the' ſkin, A little prominence. was 
perceivable on the inner angle of the eye, 
from which might be generally preſſed a 
ſmall quantity of matter. The inflamma- 
tion had been kept up with little abatement 
for ſix months, during which time a cooling 
regimen had been particularly enjoined her, 
and was ſtrictly complied with. Since the 
inflammation became violent, ſhe had con- 
ſtantly awoke in pain, which laſted till 
twelve o'clock at noon, and was then tole- 
rably eaſy the reſt of the day. She told me, 
that ſhe. had, as long as ſhe remembered, 
been ſubject to a weak and watery eye, but 
it had never given her much concern, till 
ſhe received a cold in it upon her coming 
to London, In every other reſpect ſhe was 
remarkably healthy. 


My firſt object was to relieve her of the 
pain. For this purpoſe I conveyed the 
electric fluid ftom a wooden point; which 
generally at the time blunted the accute-- 
neſs: of the ſenſation 5 but which, if by 
bringing it near to her eye the fluid was 
concentrated, it always increaſed it to a 
great degree, though this went off by: 

being 


133 A Courrizrr TrrATISE 


being left to itſelf, or repeating the milder 
method, T continued in this courſe of 
treatment for three weeks, when the in- 
fiammation, was nearly ſubſided, and the 
pain entirely gone away, Still perceiving 
the matter to ooze from the inner angle, 
J ventured to paſs a ſingle electric ſhock 
down the duct of the noſe, which I effect- 
ed by placing one of the directors upon the 
lacrymal fac, and the other up the noſtril, 
for the convenience -of a more immediate 
local conveyance, This gave her much 
pain after the operation, and it remained all 
the reſt of the day. I found in the morning 
that ſhe could hardly bear me to preſs upon 
the fac, and very little matter came from it. 
then paſſed four ſhocks, in the ſmalleſt 
degree I could convey them, and to be felt, 
which were not attended with ſo much pain, 
At bed-time there came on a great throb- 
- bing in the part, and in the courſe of the 
night a large quantity of matter burſt down 
the noſtril, when ſhe became immediately 
, eaſy, Some matter continued to come away 
for about four days, and ſhe appeared to be 
perfectly well. Her eye has been fince in 
a ſtronger ſtate than it ever was before. 


if 


n ELEcTRICITY. 189 

If this thould ftill want additional 
ſtrength, I am willing to give you farther 
inſtances of relief in this diſeaſe by Elec- 


tricity, though they have not been fo ee 
tually cured. 


T ſhall now add a few obſervations, which 
may perhaps merit your notice. In ordey 
to increaſe the power of electrization, I 
have added a very large coated jar to the 
prime Conductor of my electrical machine. 
This jar is placed upon a mahogany ſtand, 
ſo that the knob of it touches the Conduc- 
tor. The inſulated chair is alſo in contact 
with the ſaid Conductor, and the patient is 
ſeated in it as uſual. With this difpoſition 
of the apparatus, the wheel of the machine 
is firſt turned a few times round ; then I 
apply the metallic rod to the patient, in or- 
der to draw the ſparks through the cloaths, 
or the ſtream of electric fluid by a wood- 
en point, if the diſeaſe ſeem to require 
ſuch treatment; and I find, that by this 
means the effects of the electrization are 
conſiderably increaſed, the pungency of tha 
ſparks is felt much deeper into the electri- 
fed part of the body; the heat occaſioned 


by 
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tby it is alſo, greater, and therefore ſeems 
to be more efficacious for internal com- 
_plaints. -Add to: this, :that- the uſual incon- 
venience of the diſſipation of the electric 
fluid into the air is conſiderably prevented. 


This diſpoſition of the apparatus does 
alſo anſwer another putpoſe, which is that 
of electrifying a patient, without . having 
Sy aſſiſtant in the room; for after the jar 
is charged, the turning of the wheel may be 
diſcontinued, and the patient may continue 
under the eleQrization. No ſhock is to be 
feated from this apparatus; for, ſince the 
wooden ſtand upon which the jar is fixed, is 
a bad. Conductor, the diſcharge can only be 
made gradually. 


1 have made another addition to my di- 
rectors, or rather have contrived a new di- 
rector, by . which an electrified ſtream of 

_ water or other fluid. is thrown upon any 
part of the body. This director conſifts 
of a ſmall glaſs tube about 3 inches long, 
and a quarter of an inch in diameter, one 
extremity of which is drawn to a very fine 


Point, ſuch as the water can hardly paſs 
through. 
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through. This tube I faſten to an inſulat- 
ing handle, which being made like a pair 


of pincers, holds it by the middle; I then 
Pour a little water or other fluid into the 
tube, and by means. of a wire connect it 


with the prime Conductor. When the 
machine is in motion, the Anand 8 Water, 
which the electric fluid forces out of the 
tube, is very much ſubdivided, and, when 
directed upon the face, or any naked part 
of the body, gives an agreeable ſenſation, 
which not only proves very refreſhing to 
patients, but in caſes of great irritation of the 
nerves is often attended with permanent re- 
lief. The ſhort experience I have had of 
* theſe direftors does not enable me to de- 
termine how far they may be uſeful ; but in 
ſeveral inſtances they have afforded conſi- 
derable relief, when other modes of elec- 
trization proved uſeleſs, 


In the courſe of my practice, I have ob- 
ſerved a very remarkable effect of Electri- 


eity upon the human body, which is, that 
it removes coſtiveneſs in thoſe perſons that 


are electrified, eſpecially along the courſe 
of the alimentary canal. I muſt obſerve, 


6 that 
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chat it does by no means increaſe the eva- 
cuations of ordinary good habits of body, 
dut only reinſtates the uſual diſcharge in caſe 
of coſtiveneſs. This effe& ſeems to take 
place becauſe the electrization gives vigour 


and energy to the fibres of the debilitated 


inteſtines, in the ſame manner as it re- 


"ſtores the loſt motion of more external 
| muſcles. 


I am, 
Dear Sir, | 
. 5 Yours, &c. 


9 Mitzs PaRTINGToON, 


A Letter | 
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A Letter from Dr. James Lind to the 
Author. 


IWindſer, June the 11th, 1784. 
DEAR SIR, | 
1 here ſend you the account of a remark- 
able caſe relieved by Electricity whilſt I 
was at Bombay: if you think it worth 
publiſhing, I beg you will inſert it in the 
next publication of your Medical Electri- 
City, | | 


The wife of an officer of the artillery. at 
Bombay, during the laſt months of her 
pregnancy, gradually loſt the uſe of her 
lower limbs, as if it had been a paralyſis, 
occaſioned by the preſſure of the fœtus 
upon the nerves which go to thoſe extre- 
mities. Her pregnant ſtate did not allow 
the application of any remedy for the relief 
of the diſorder. She came to her full time, 
was ſafely delivered, and though ſhe ſoon 
recovered in every other reſpec, yet, con- 
trary to every expectation, the paralyſis ſtill 
remained; nor could it be in the leaſt reliev- 
Vor. II. O ed 


194 A ComeLlnTE TREATISE 


ed by any of the various medicines, which 
were adminiſtered for about ſeven months, 
which had elapſed from the time of het de- 
livery, and until I firſt_viſited her, which 
was in June 1780. 


Upon enquiry finding that, of the many 
remedies likely to. afford any relief in ſach 
a caſe, Electricity alone had not yet been 
tried, I immediately recommended the ap- 
plication of it. But the difficulty was to 
excite an electrical machine in an atmo- 
ſphere ſo exceſſively moiſt as that of Bom- 
bay was at that time, the rainy ſeaſon being 
already ſet in z however, the huſband of the 
patient, being the ſuperintendant of the 
Military Laboratory of that place, propoſed 
to try whether an electrical machine could 
be made to act in a heated room; ſuch as 
they uſed for the drying of gunpowder. 
Accordingly a ſmall ſtucco'd room in his 
houſe was heated by means of burning thar- 
coal, then the doors and windows were 
thrown open, and an electrical machine 
being brought in, was found to act very 
powerfully, Things being thus prepared, 
my patient began to be electriſied, firſt by 

- 22% giving 
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giving ſparks to her legs and thighs, and 
afterwards by paſſing about twenty very 
ſmall ſhocks up one leg and down the other. 
The effect was really ſurpriſing ; for, after 
the farſt electrization, ſhe was fo far relieved 
as to be able to walk up ſome ſteps without 
any help, which ſhe had not been able to do 
for many months before. By the ſecond 
days electrization, which was performed ex- 
actly as in the preceding, ſhe was enabled 
to walk out, and viſit ſeveral of her friends 
in the neighbourhood. The third day's 
electrization compleated the cure, and ſhe 
went about with all the eaſineſs and alacrity 
in the world. I afterwards received a letter 
from her huſband, dated May the 29th, 
1781, informing me of her continuing in 
perfect health,” 


Faithfully yours, 
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Ne I. 
* a , Fo | 
of THE VINDICATING ELECTRICITY. 


1. * B, ab, fig. 6, of Plate IV. repreſents 

a plate of glaſs, coated on both 
ſides with the two metallic coatings CD, 
ca, which are not ſtuck to the glaſs plate, 
but are only laid upon it. 


From the upper coating CD, three filk 
threads proceed, which are united at their 
top H, by which the ſaid coating may be 
removed from the plate in an inſulated 
manner, and may be preſented to an electri- 
fied electrometer, as repreſented in fig. 7, 
in order to examine its Electricity. FG is 
a glaſs ſtand, which inſulates and ſupports 
the plate, &c. 


2, Let 


a = ? 


A wa. Aa a= - 
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2 Let the plate AB, ab, be charged in 


the common manner, by means of an elec- 


trical machine, ſo that its ſurface AB may 
acquire one kind of Electricity, (which may 
be called K) and the oppoſite ſurface 4 6 
may acquire the contrary Electricity, 
(which we ſhall call L). Then, if the 
coating C D be removed from the plate, 
and be preſented to an electrified electro- 
meter, as repreſented in fig. 2, it will be 
found poſſeſſed of the Electricity K, viz. 
of the ſame kind with that which was 
communicated to the ſurface AB of the glaſs 
plate ; from whence it is deduced, that the 
ſurface A B has imparted ſome of its Elec- 
tricity to the coating, Now, this diſpo- 
ſition of the charged plate to give part of 
its Electricity to the coating, is what the 
learned F. Bc ARIA nominates the Ne- 
gative vindicating Electricity. 


3. If the coating be again and again 


alternately laid upon the plate and removed, 


its Electricity K will be found to deereaſe 
gradually, till after a number of times 
(which is greater or leſs, according as the 
edges of the plate inſulate more or leſs ex- 


O 3 actly) 


5 
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actly) the coating will not appear at all 
electriſied. This ſtate is called the limit of 
the two contrary Electricities; for if now the 
above-mentioned operation of coating and 
uncoating the plate be continued, the coat- 
ing will be found poſſeſſed of the contrary 
Electricity, viz. the Electricity L. This 
Electricity L of the coating is weak on its 
firſt appearance, but it gradually grows 
ſtronger and ſtronger till a certain degree; 
then inſenſibly decreaſes, and continues de- 
creaſing until the glaſs plate has en laſt 
every ſign of Elecricity, 


Buy this change of Electricity in the 
coating, it is deduced, that the ſurface A B 
of the glaſs plate changes property; and 
whereas at firſt it was diſpoſed to part 
with its Electricity, now (vix. beyond e 
limit of the two contrary Elediricties) it 
ſeems to vindicate its own property, that is, 
to take from the coating fome Electricity of 
the ſame kind with that of which it was 
charged: hence this diſpoſition was by F. 
BECCARIA called the Polt ive wen 


Electricity. 
4. This 
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4. This poſitive vindicating Electricity 
never changes, though the coating be 
touched every time it is removed. It ap- 
pears ſtronger, and laſts a very conſiderable 
time after the plate has been diſcharged; 
which is a very ſurpriſing property of glaſs, 
and probably of all good and ſolid electries. 


5. If, ſoon after the diſcharge of the 
plate, the coating be alternately taken from 
the plate, and replaced, but with the fol- 
lowing law, vsz. that when the coating is 
upon the plate, both coatings be touched at 
the ſame time, and when the coating is off, 
this be either touched or not; then the 


ſurface A B of the plate, on being uncoated. 


every time, takes a quantity of Electricity, 
which it alternately loſes every time it is 
coated *, 


6. On removing the coating in a dark 


room, a flaſh of light appears between it 


and the glak, which is ſtill more conſpi- 


| a wn} by touching an inſulated 
eleftrometer with the coating, when this is ſtanding 
upon the plate, and when ſeparated from it. 


O4 cuous, 
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cuous, if the coating be removed by the 
fingers being applied immediately to it, 
Vir. not in an inſulated manner; becauſe, 
when the coating is not inſulated, the glaſs 
plate can give to, or receive from it, more 
of the electric fluid, and that more freely, 
than otherwiſe. 


7. It is obſervable, that in the negative 
vindicating Electricity, the glaſs loſes a 
greater or leſs portion of Electricity, in an 
inyerſe proportion of the charge given to 
the plate, viz. the part loſt is greater when 
the charge has been the weaker; for in 
the - poſitive vindicating Electricity, the 
Force of receiving Electricity is the ſtronger, 


when the charge has been ſtronger, and 


contrarywiſe. 


8. If, after every time that the coating 
CD is removed, the atmoſpheres E, e, that 
is, the air contiguous to the ſurface of the 
glaſs plate, be examined, they will be found 
electrified as in the following table, viz. 
the threads of an electrometer, brought 
within one or two inches, or more, of the 
ſurfaces A B, ab, will TIE" with Elec- 

{95 r tricities 
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tricities contrary to thoſe expreſſed in the 
table. 


During the ſ the air E, 
time of = if the It moderately * L 


negative vin-4 has been us, 
dicating Elec charged IP high 15 moderately K 
tricity the air e is electriſied L. 
During the (the air E 
time of the po- 
fitive vindicat- are electriſied L. 
ing Electri- 
city The air & 


9. Although we are not acquainted with 
the cauſe of vindicating Electricity, any 
farther than to conſider it as a diſpoſition 
or property of charged glaſs, yet the phe- 
nomena of the Electricities of the air, con- 
tiguous to the ſurfaces of the plate, ſeem 
to be a proper conſequence of Dr. FRanx- 
LIN's theory of Electricity, and are ac- 
countable by it; for it is a well-known 
principle of that theory, that when one 
ſide of a coated electric, fit to receive a 
charge, acquires a greater quantity of Elec- 
tricity than the oppoſite fide can acquire of 
the contrary Electricity, then both fides 
of that electric appear poſſeſſed of the ſame 
kind 1 Electricity, namely, of that com- 

| municated 
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municated to the firſt- mentioned fide. 
Now, when in the negative vindieating 
Electricity, the ſurface A B of the glaſs 
plate gives part of its Electricity to the 
coating, then the other fide 2b, being more 
electrified L, than the fide A B is electri- 
fied K, it is plain that, according to the faid 
principle, both ſides muſt appear electrified 
L. But in the poſitive vindicating Electri- 
city, the ſide A B of the glaſs plate receives 
ſome Electricity of the kind K from the 
coating, therefore both ſides muſt affect the 
air with the rn N. 


10. There remains only to be explained 
the reaſon why, when the plate has re- 
ceived a high charge, the air E, during the 
time of the negative vindicating Electrici- 
ty, appears electrified K, whilſt the air e is 
electriſied L. In order to render this ex- 
planation more intelligible, let us ſuppoſe 
the glaſs plate to have been electrified po- 
ſitively on the ſide AB; then, in the ne- 
gative vindicating Electricity, the ſurface 
A B, on being uncoated, loſes a part of its 
Electricity, which is ſo much the greater 
as the charge has been the lefs ((7.) ; 


therefore, 


we 


called vindicating Electricity, is obſervable 
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therefore, when the charge has been mo- 
derate, A B loſes a greater portion of elec- 
tric fluid, than that with which the air e 
can ſupply the ſurface 6; hence the ſurface 
ab will remain more negatively electriſied 
than the ſurface AB is poſitively ; conſe- 
quently, according to the above-mentioned 
principle, (5 9.) both the atmoſpheres E, a, 
muſt appear in a negative ſtate when the 
charge has been a certain degree higher; 
then the ſurface A B, on being uncoated, 
loſes juſt ſo much of the electric fluid as the 
air e can give to ab, therefore the air will 
not appear electrified. But when the charge 


has been very high, AB loſes a leſs portion 


of electric fluid than the air e can give to 
ab ; therefore e, by having given ſome of 
its natural electric fluid to ab, will appear 
negative, and E will appear poſitive in 2 
ſmall degree. If the plate be ſuppoſed to 
have been charged negatively on the ſide 
A B, the explanation of the phenomena is 
the ſame, changing only the name of pofi- 


trve Electricity into negatzue, &c. 
| 17. This property of charged glaſs, 


alſo 


a 
IX; 
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alſo when two glaſs plates, laid one over 
the other, and coated on their - outward 
ſarfaces only, are charged jointly like one 
plate. Suppoſe AB, CD, fig. 8, to re- 
preſent the two plates charged together, 
wiz, by: having preſented the coating F to 
the prime Conductor, and having at the 
ſame time connected the coating G with 
the ground, in which ſtate, it is eaſy to 
conceive, that the upper ſurface of the plate 
AB would be poſitive, its under ſurface 
would be negative, the upper ſurface of the 
plate C D, vix. the ſurface contiguous. to 
the plate A B, would be poſitive, and its 
oppoſite ſurface G would be negative, 
Now if theſe plates, after having been 


charged, be alternately ſeparated and join- 


ed, without ever touching their coatings, 


it is plain that their ſurfaces, contiguous to 


one another, whenever the plates are ſepa- 
rated, will uncoat each other, conſequently 
the phenomena of vindicating Electricity 
will take place, that is, each of the inſide 
or naked ſurfaces, when the plates are firſt 
ſeparated, will Joſe part of its Electricity. 
This loſt Electricity gradually ' decreaſes 
till it vaniſhes, * which period, each of 

£ . 
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the ſaid ſurfaces will gradually recover part 
of its loſt Electricity, &c. 

12. By the principle noticed above, 
(F 9.) when one ſurface of either plate has 
acquired a quantity of one kind of Electri- 
city more than the oppoſite ſurface has ac- 
quired of the other, then both ſurfaces of 
that plate muſt appear poſſeſſed of that and 
the ſame kind of Electricity; hence it fol- 
lows, that when the plates A B, CD, are 
at firſt ſeparated for a certain number of 
times, i. e. during the negative vindicating 
Electricity, the plate A B muſt appear po- 
fitive on both fides, and the plate C D ne- 
gative on both ſides; but after the limit of 
the two contrary Electricities, when the po- 
ſitive vindicating Electricity has taken place, 
then the plate A B will appear negative on 
both ſides, and the plate C D poſitive on 
both ſides, 


I3. The adhefion of the plates to one 
another keeps pace with the vindicating 
Electricity; ſo that it is very ſtrong at firſt, 
but gradually decreaſes with the negative 
vindicating Electricity, till it becomes in- 
— 2 ſenſible; 
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ſenſible; but after the limit of the two 


contrary Electricities it appears again, and 
then it increaſes and decreaſes with the 'po- 
ſitive vindicating Electricity. 


14. Every other particular relating to 
the phenomena of vindicating Electricity, 
exhibited with one plate, does alſo take 
place in the experiment with two plates; 
except the phenomena conſidered above 
($10.), which the two plates cannot ex- 


hibit, on account that they are not capable 
of receiving a very high charge, as a ſingle 
plate is; which high charge is abſolutely 
neceſſary to produce that appearance, 
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OBSERVATIONS UPON THE CONDUCTORS 
OF LIGHTNING. 


INCE the publication of the Firſt 

Edition of this Treatiſe, it happened 
that a houſe belonging to the Board of 
Ordnance, at Purfleet, was ſtruck by light- 
ning, though furniſhed with a Conductor. 
This accident excited anew the controverſy 
relating to the conſtruction of Conductors 
to ſecure houſes from the effects of light- 
ning, eſpecially relating to their termina- 
tion; and various experiments were made by 
very able Electricians, in order to decide 
the controverted point. Mr. B. WiLsoN 
and Mr. Ep. NAIRNE, both members of 
the Royal Society, were the principal act- 
ors in this experimental inveſtigation ; the 
former giving conſtantly the preference to 
ſhort Conductors terminating in a ball, and 
the latter preferring long Conductors acute- 
ly pointed; which has been and is the pre- 
vailing opinion with almoſt all- the prin- 


cipal 
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cipal Electricians in England, as well as 
abroad; beginning from the firſt inventor of 
thoſe Conductors (the great philoſopher 
Doctor FRANKLIN). Mr. WIL sox, the 
principal and almoſt the ſole opponent of 
the Franklinian conſtruction of Conductors, 
exhibited ſome ingenious electrical experi- 
ments upon a large ſcale ; which threw 
great light upon the property of points in 
reſpe& to Electricity, and ſeem at firſt ſight 
to decide the queſtion in favour of knobbed 
Conductors, as will appear by the following 
pages. On the other fide, Mr. Narrne 
performed ſome well-imagined experiments, 
which ſeem to eſtabliſh, beyond any doubt, 
the prevailing opinion in favour of pointed 
Conductors; which was afterwards ſtill 
more confirmed and elucidated by Lord 
Manon, in his learned work, entitled, 
Principles Electricity, and 3 in the 


gare 18075 


0 Notwithſtanding thoſe various diſquiſi- 
tions, and new obſervations, it ſeems that 
what I had previouſly written, relating to 
the conſtruction of Conductors, did not 
require any material alteration ; hence I 
thought proper to reprint, in this Third 

Edition, 
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Edition, exactly that which had been ad- 
vanced relating to Conductors of lightning 
in my firſt publication ; and have reſerved 
for this. diſſertation, to make mention of 
thoſe additional remarks, which, in the 
preſent more advanced ſtate of the ſcience, 
are neceſſary to be noticed. Mr, W1LsoN, 
Mr. Nairne, and others, muſt excuſe my 
giving a very ſhort and ſummary account 
of their valuable experiments, ſince the 
limits of this work are by far too ſhort to 


admit a full account of their obſervations. 


I ſhall juſt mention the principal facts aſ- 
certained, ſo as to make evident the deduc- 
tion which naturally follows them, and 


which is neceſſary to eſtabliſh the preſent 


improved theory of Conductors ; omitting 
thoſe remarks which ſeem to be not efſen- 
tial, and even diſpenſing with the particu - 
lar deſcription of the various apparatuſes 
uſed for this purpoſe. The Board. bois; 
ſtruck by lightning on the 12th of May 
1777, had a pointed iron ſpike; - which 
projected ten feet above the middlemoſt 
and higheſt part of its roof, and which had 
a continued metallic communication to the 


ground. The lightning did no other 


Vor. II. P damage 


216 APPENDIX. 

damage to this houſe, than to throw down a 
few ftanes from 0 of its upper corners, 
which were want to two iron cramps 3 
which cramps had not a metallic commu- 
nication with the Conductor. This cor- 
ner was forty-ſhx feet diſtant from the top 
of the Conductor. In this caſe it is dif- 
ficult to fay, whether the lightning ſtruck 
the Conductor firſt, or the corner of the 
houfe juſt over the above- mentioned iron 
cramps, and from thence, being paſſed to 
the metal which communicated with the 
Conductor, was conducted to the ground, 
without cauſing any farther damage to the 
houſe. In the firſt caſe, the point of the 
Conductor would, in all probabitity, have 
been fuſed, as is generally the caſe; but no 
mark of fuſion could be perceived on it. 
The fecond caſe ſeems not very likely to 
have happened, ſince the Conductor was 
far above the corner that was ſtruck, and 
fince the hghtning is known. to ſtrike the 
moſt elevated objects, and thoſe which have 
a better communication with the earth, in 
8 to any other *, In 255 * 


* Mr. Hark ended the account of his => on 


mentioned experiments with the following paſſage : 
© I muft 
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the only uſeful remark- that can be drawn 
from this accident is, zuat all the metallic 
parts, that are in a buildii.,,, ſhould be con- 
need with the Conductor, otherwiſe it is 
not unlikely, but that, either by a direct 
ſtroke, or by a lateral exploſion, the houſe 
may ſuffer ſome damage from lightning. 
Mr. WiIrsoN, who had formerly declared 


his opinion againſt elevated and pointed 
Conductors, derived from this accident A 


wal, proof e in favour of his 
theory, 


J muſt beg to intrude a little more on your time, 
* to remark on that part of Mr. Witson's paper, 
4 where, from his experiments, he ſeems to conclude, 
© that the lightning at Purfleet firſt ſtruck on the 
« point of the rod of the Conductor, and then, b 
&« ]ateral part of that ſtroke, ſtruck the cramp on 1 
© coping-ſtone. I believe, if he had examined the 
« ſituation of the ſtone, and the place where t 
e cramp was ſtruck, he would have found, that, if the 
lightning had ſtruck on the point of the Conductor 
« that, to have produced that effect on the ſtone, ie 
« uſt, after it had ſtruck on the point, and paſſe 
% down a quantity, have ſtruck from the metal. up into 
de the air, then down again on the cramp, and the 
© again to the metal it had left; for the ſmall dent or | 
« hollow made by the lightning was on the upper ſur- 
« face of the tone, and yet the metallic communication 
« to the earth continued from the point under the ſtone 

N « which 
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theory, and ſoon began to perform ſes 
veral experience, in which the natural 


accident was imitated by art“. Mr. 


Wit son's great apparatus was fixed in the 
Pantheon, Oxford- ſtreet. It conſiſted prin- 
cipally of the following parts :—A cylinder, 


16 inches in diameter, and 155 feet long, 
covered with tin-foil, formed the prime 
Conductor, which was charged by a good 
electrical machine of the common ſort. 
This vaſt Conductor was ſuſpended by va- 
rious fil ſtrings, at a convenient diſtance 


& which was ſtruck. It appears more probable to me, 
* from the trifling damage it did, that the charged 
& cloud had paſſed over the pointed Conductor, and 
© had been exhauſted of a great part of its Electricity 
4 in paſling z and that, after it had paſſed, it was at- 
& tracted down lower by a ridge of hills that was be- 
„ yond, and that the cloud being out of the influence 
& of the point to prevent its ſtriking, the end of the 
& cloud might ftrike at an angle in the cramp, and ſo 
© to the metallic part of the Conductor, which was 
« only about 7 inches below. I ſhall conclude with 
« obſerving, that Mr. Henry and myſelf had the 
pointed rod of the Conductor at Purfleet taken down 
© to examine the point; but we found no appearance 
* on it that ſhewed that it had been ſtruck.” 


The account of thoſe experiments is inſerted in 
the 68th vol. of the Phil, Tranſ. : 


from 
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from. the floor and walls. To this Con- 
ductor there was added a wire 4800 feet 
long, which was alſo ſupported by filk 
ſtrings, and, on account of its prodigious 
length, was bent in a great many places, 
going backwards and forwards in various 
directions. Sometimes this wire was ſepa» 
rated from the great cylinder ; but, for the 
generality of experiments, they were made 
to communicate together, ſo as to form one 
extenſive Conduttor..-By means of a pro- 
per frame and machinery, a wooden model 
of the above-mentioned houſe, that was 
ſtruck by lightning, was made to-paſs with 
different required degrees of velocity under 
and acroſs one end of the great cylinder, 
This model was furniſhed with a Conduc- 
tor at top, which was ſometimes terminated 
in a point, and at other times ended in a 
ball, but which was made to communicate 
with the earth by as good a metallic com- 
munication as can be deſired by the moſt 
{crupulous experimenter. Whilſt the mo- 
del of the houſe was kept at a: proper 
diſtance from the great cylinder, and after a 
known number of turns of the wheel, the 
page! being let go, paſſed under the end of 
P 3 the 
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the cylinder with any required velocity, 
and at the moment that it paſſed imme- 
diately under the charged cylinder, it receĩv- 
ed the ſtroke from it upon its Conductor, 
&e. . Now the principal experiments 
which Mr. W1t.soN made with this appa- 
ratus, are e expreſſed in the following 
articles: 


1. When the model was furniſhed with 
a ſharp Conductor, on being made to paſs 
under the charged C ylinder, it drew off a 
good deal of the cette fluid from it in 
a ſilent manner, and that abſorption, as it 
may be faid, began long before the model 
came quite under the cylinder, as Was 
ſhewn by the appearance of light, &c. 
The charge which afterwards remained in 
the cylinder was inconfiderable : all which 
ſhews the tendency that a point has to 
draw the electric ny ſilently, and from a 
dilkagee. 


2. If, inſtead of a point, the model wWas 
furniſhed with a knobbed Conductor of 
the fame length with the pointed one, the 
JT of electric fluid drawn off in re- 


peating 


del in the preceding experiment, Was 
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-peating the above experiment was not fo 
conſiderable as before, and it was almoſt 
nothing, if the knobbed Conductor was 
much ſhorter than the pointed'one, as could 


have been expected. 


3. When the model with the ſharp 
Conductor was made to paſs under the cy- 
linder fully charged, the pointed Conductor 
was generally ſtruck with a full and ſtrong 
exploſion; whereas, if the Conductor Was 


terminated in a ball (though of an equal 
length with the pointed Conductor, and 
conſequently equally diſtant from the cy- 
linder when the model was. juſt. under ſit) 


it was not ſtruck, the cylinder "A 


charged, &c . 4 


4. The weight which m * 


«« gradually reduced till it Was neatly ba- 


« lanced by the friction; and when the 


% motion was rendered ſo {low as ſeven feet 
* ſeven inches in ſeven ſeconds, it was very 
4 little accelerated; and in this ſtate the 
«« great cylinder being charged, the model 
« was ſuffered to paſs ; and, though the 
P 4 « velocity 
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« velocity was leſs than three quarters of a 
mile in an hour, the point was ſtruck.” 


The intelligent reader may remark, that 

by the above-mentioned obſervations, the 
already- known properties of points were 
clearly ſhewn : that the very reaſons before 
advanced by various philoſophers, for pre- 
ferring pointed Conductors of lightning to 
ſuch as are blunted, were confirmed; but, 
however, that one remarkable obſervation, 
which could have been hardly believed 
before, was eſtabliſhed, viz. that a point 
in thoſe circumſtances could receive fo full 
a ſtroke, as we have mentioned above. In- 
deed this is a very good obſervation of Mr. 
Wirsonx, and a moſt plauſible argument 
in favour of his opinion relating to the con- 
ſtruction of the Conductors of lightning. 
Hence he expatiates upon the danger of 
thoſe houſes, which are furniſhed with ele- 
vated and pointed Conductors; and abſo- 
lutely - recommends. knobbed Conductors, 
which are either even with, or rather a lit- 
tle ſhorter, than the top of a building; ſince, 
fays he, the pointed Conductors invite the 
lightning. It is almoſt ſuperfluous to remark, 
N that 
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that it is for that very property, that ele- 
vated and pointed Conductors are preferable 
to knobbed ones, : viz. becauſe they attract 
the matter of lightning from a greater diſ- 
tance: hence they may defend a greater 
extent of building; hence, by drawing a 
confiderable quantity of electric fluid from 
the clouds, when at a diſtance, ſo as to let- 
ſen their charge, they may thus actually 
avoid a full exploſion ; the intention of 
putting a Conductor to a houſe, being to 
defend the houſe from the bad effects of 
lightning, and not the Conductor itſelf from 
attracting the matter of, or being ſtruck by, 
the lightning. When the Conductor of a 
houſe is ſtruck, the only damage it can re- 
ceive in that caſe, & ſeems, can only arife 
from a lateral exploſion between the Con- 
ductor and other pieces of metal, or other 
very good Conductors, which are contained 
in the houſe, and are not properly connected 
with the Conductor. For this reaſon, it is 
proper to connect with the Conductor, by a 
metallic communication, all the pieces of 
metal, and indeed other good Conductors, 
as a ciſtern of water, &c. that are in a houſe, 
| eſpecially thoſe which are near the outſide, 
| and 
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and the top of it. This, however, is almoſt 
impoſſible to be done perfectly; but then 
thoſe: lateral effects are not of fo very dan- 
gerous a nature, excepting indeed when 
the building contains ſubſtances of a very 
combuſtible quality, as gun- poder, &c. in 
which caſe, the moſt ſcrupulous attention 
is hardly ſufficient to prevent any bad acei- 
dent. Notwithſtanding the obviouſneſs of 
the above - mentioned remarks, Mr. WII- 
-80N's experiments determined ſeveral per- 
ſons in favour of the knobbed Conductors ; 
hence Mr. NaAIxxR undertook to oppoſe 
Mr, WIrsox's theory with a clear and 
convincing ſet of experiments. The prime 
Conductor uſed by Mr. Nairng was one 
foot in diameter, an feet long, conſe- 
quently by far ſmaller than that uſed by 
Mr. Witson, The other apparatus was 
different, and the electrical machine was 
much more powerful than that uſed by 
Mr. Wizson “. But with this apparatus 
he amply ſhows the properties of points and 
knobs, with reſpect to Electricity; and, dif- 
ferent from Mr. WIISsoN, ſhows, that in 

gee Mr. NAR NE's aceount of thoſe Experiments, 
&c. in the th vol of the Phil. Tranſ. 


many 
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many experiments, and under various cir- 
cumſtances, a'knob is ſtruck in preference 


to a point. This diverſity of appearances, 
and reſults of experiments, in caſes ſeem- 


ingly-alike, will at firſt ſight be thought a 
contradiction; but, when duly conſidered, 


the different phenomena may be all recon- 
ciled to a few very fimple and natural 
propoſitions. A point draws the elec- 


tric fluid from an electrified body, from a 
much greater diſtance than a blunt=termi- 
nated body; but the quantity muſt be li- 
mited, and ſubject to be altered by many 
cauſes; ſuch ate, the degree of condenſa- 


tion of the electric fluid upon the electriſied 


body; the time given to the point; the 
acuteneſs of the ſaid point; its free or en- 
cumbered ſituation; its perfect or imper- 


fect communication with the earth, &e. 


Thus, if the pointed body be not made to 
communicate with the earth, but the com- 


munication be interrupted by a ſhort inter- 
val, then, on pfeſenting a body ſufficiently 


charged with electric fluid, to the ſaid point, 


a full ſpark will go from the former to the 


latter, becauſe the point, on account of the 


Interruption of communication, cannot diſ- 


charge 
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charge to the earth, or. other fit body, the 
electric fluid by little and little, conſe- 
quently cannot receive it ſilently from the 
electriſied body. to which it is expoſed, but 
can attract only that quantity which can leap 
between the interruption, and which paſſes 
in the form of a ſpark. Thus alſo, if the 
point is ſuddenly brought within a ſufficient 


diſtance of a ſtrongly-electriſied body, it 
will receive 2 ſpark,” becauſe a ſufficient 
time was not allowed it to draw off the 
electric fluid filently, as would happen if 
the point was gradually brought near. Af- 


ter the ſame manner, the ingenious reader 
may imagine à great multiplicity of caſes, 
in which a point may be ſtruck or not 


truck by an electriſied body; hence is de- 


rived the apparent contradiction between the 


experiments of Mr. HexLY, Mr. WiLsox, 


Mr. NAIRNE, and various others: but it 


always remains true, that a pointed or 
ſharp-edged body draws the electric fluid 
from a greater diſtance than thoſe bodies 


which are blunt or more obtuſe, all the 


other circumſtances being the ſame in both 


Lord 
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Lord Manon, in his above-mentioned 
work, ſhews a property of electric atmo- 
ſpheres, which he calls the returning firoke, 
and which he is of opinion that can occa- 


fion great damage in ſome caſes. This is 


that quantity of electric fluid, which, by 


the vicinity of a cloud highly electriſied, 
is driven away from certain bodies, and 
which ſuddenly returns to thoſe bodies 
when the cloud happens to diſcharge its 
Electricity by a ſtroke of lightning to any 
other body; for then the atmoſphere 
which kept off the electric fluid of the bo- 


dies that were within its action, ceaſes at 


once. Our noble author ſhews experimen- 
tally, that ſuch a returning ſtroke may oc- 
caſion great damage, even at a good diſtance 
from the place where the ſtroke of light- 
ning happens, and that its effects may be 


very conſiderable ; all which confirms the 
already- made obſervation, viz. that all the 


beſt and largeſt conducting bodies that are 
in a houſe, ſhould be connected with the 
Conductor of lightning. Without detain- 
ing my reader with further diſquiſitions, 
I ſhall only take notice of the moſt notable 
| particulars that ſhould be kept in view, 
and 
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and ſhould be conſidered. as the leading 
principles, in erecting Conductors for the 
lightning; and ſhall ' then conclude with 


the regugſiter neceſſary for the proper con- 
ſtruction of Conductors, which requiſites I 


mall tranſcribe exactly from Lord MA- 


HON's work, 


A pointed body attracts the matter of 
lightning more or leſs eaſily, according as 
it is more or leſs acute; according as it is 


leſs or more encumbered by ſurrounding 


bodies; or as it is more or leſs elevated, 
and as its communication with the earth, 
by means of conducting bodies, is more or 
leſs perfect. The clouds are bad Conduc- 


tors, and in general the electric fluid is not 
highly concentrated on them in proportion 


to their extent; they are often ſeparated 
from each other; they may come towards 
a Conductor or a houſe in every direction; 
and move with yarious velocities at different 
times. The pointed Conductor that is 
erected in order to tranſmit the lightning 
with fafety to the ground, can only defend 


a limited extent of building, the quantity 
of which varies according to many circum- 


ſtances. 
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ſtances. In caſes of powder-magazines, 
and ſuch-like very combuſtible ſubſtances, 
great damage may be occafioned by a lateral 
exploſion or returning ſtroke, if the Con- 
ductor happened to be ſtruck; which may 
be oply avoided by making a proper com- 
munication between all the ſubſtances of a 
good conducting nature that are in the 
building. It has been obſerved that fome- 
times a ſtroke of lightning is branched, and 


ſtrikes ſeveral objects at the ſame time. 


In conſequence of all thoſe obſervations, 
and various others mentioned in the courſe 
of this book, it ſeems proper to have in 
view the following inſtructions, in erecting 
Conductors for the lightning. 


1. * That the rods be made of ſuch ſub- 
ſtances as are, in their nature, the beſt 
Conductors of Electricity.“ 

2. That the rods be uninterrupted, 
and perfectly continuous.” { 

3. That they be of a ſufficient thick- 
neſs.” 18 
4. That they be perfectly connected 
with the common-ſtock.” 

5. © That the upper extremity of the 
rods be as acutely pointed as poſſible. 

6 6. «© That 


5 
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6. That it be very finely tapered.” 
7. © That it be prominent. 
8, „That each rod be carried, in the 
fahorteſt convenzent directiun, from the point 
at its upper end, to the common=ſ/tock.” 

9. © That. there be neither large nor 
prominent bodies of metal. upon the top of 
the building propoſed to be ſecured, but 
ſuch as are connected with the Conquer by 
ſome proper metallic communication.” 

10. That there be a: ſufficient number 
; of bigh and pointed rods :* And, 
11. That every . of the rods be 
very Juljantial ae. 2 


N* III. 


9 


' 
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FXTRACT OF A LETTER FROM MR. AR- 
DEN, LECTURER IN NATURAL PHILO- 
SOPHY, DATED SEPTEMBER 25, 1772, 


BOUT fourteen or fifteen years 
ago, in the preſence of WX. 


Coxs TABLE, Eſq; at his ſeat at Burton 
Conſtable, in Holderneſs, I *. the fol- 


u experiments: : 


] placed a large coated jar, that would 
hold three or four gallons, directly under 
the prime Conductor of a very good elec- 
trical machine. The prime Conductor 
was at leaſt eight or ten inches above the 
top of the jar, and the communication was 
made by a braſs wire, bent at one end over 
the prime Conductor, and the other end 
paſſed through a ſmall glaſs tube (con- 
trived by Mr. ConsTABLE to prevent the 
electric matter from eaſily flying off) was 
ſuſpended in the middle of the jar, and had 
a ſmall piece of braſs chain faſtened to it, 
that reſted on the bottom of the jar. 


Vox. II. Q_ I then 
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« I then began to turn the wheel, and, 
after turning about 100 or 150 times, as 
low in the jar as I could ſee for the coating, 
J perceived. a ball of fire, much reſem- 
bling a red-hot -iron bullet, and full three 
quarters of an inch in diameter, turning 
round upon its axis, and aſcending up the 
glaſs tube that contained the braſs wire, 
which was the Conductor to the inſide of 
my Jar. 


1 en aſked Mr. CoxsrT A- 
BLE, if he ſaw the ball of fire? he ſaid, 
Certainly.” I faid, I will turn on. He 
anſwered, By all means. I kept turning 
the wheel, and the ball of fire continued 
turning upon its axis, and aſcending up the 
glaſs tube till it got quite upon the top of 
the prime Conductor. There jt turned 
upon its axis ſome little time, and then 
gradually deſcended, turning upon its axis 
as it had done in its aſcent, abd fo continu- 
ed till it was ſo much below the top of the | 
coating that we could no longer fee it. But 
ſoon after-this, a very great flaſh was ſeen; || | 
a large exploſion was heard, and ſtrong ſmell p 
| 


of ſulphur was ä all over the room; 
hs Wh C à⁊ round 
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a round aperture was cut through the ſide 
of the jar, as fine as if it had been cut with 
a diamond, rather more than three quarters 
of an inch in diameter, and between two is 
and three inches below the top of the. = 
coating, and the coating was torn off all | 
round the - aperture, about three or four 
inches in diameter. The jar was a pretty 
ſtrong one, of crown glaſs. 


. « 1 then took another jar, ſo like the 
k _ firſt, that when both were whole I could 
„ not eaſily perceive any difference between 


e them. I then attempted to charge this 
· jar, in the ſame manner as the other, and 
d we both obſerved it very accurately. No 
© ball of fire was ſeen, but preſently the jar 
of diſcharged itſelf with a great flaſh and ex- 
ed ploſion, and at about the ſame part as of 
en the firſt jar; but inſtead of the aperture 


eis which was made in the firſt jar, there was 4 
u- a circle about three quarters of an inch 
he diameter, as white as chalk, and the coat - 


zut ing torn off round about it as before. 
n Upon touching the white part, it dropped 
nell out, and appeared to be glaſe in a fine 
m; n. ap 7 | | 

und F | Q 2 4 we 


- 
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* We broke ſeveral other different-ſized 
jars that day, (which made Mr. ConsT A- 
BLE ſay we were in great luck) but with- 
out any thing elſe remarkable. 


The firſt experiment was made ſoon 
in the afternoon of a clear day, and the ma- 
chine ſtood directly between us and a win- 
dow, which was not above a yard from it. 
J don't hear that this ball of fire has been 
produced by art by any one elſe, to this 
day, although it is often produced by na- 
ture. 


£ 


1 J had the pleaſure of ſeeing Mr, Cox- 
STABLE this day, and of reading the ac- 
count of theſe experiments to him, and, to 
the beſt of his memory, he thought the 
whole was ſtrictly true. 


«© Mr. CONSTABLE thinks it would not 
be difficult to repeat the experiment, and to 
produce the ball of fire at any time, provid- 
ed the jar is large, and not coated too near 
the top, and that the wire communicating 
from the prime Conductor to the infide of 
the jar is made to paſs through a ſmall 
5 * i glaſs 
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glaſs tube, (which is certainly of great ad- 
vantage in making experiments of this kind) 
and that the machine acts very ſtrong. If 
not, it will be in vain to attempt it.” 


AFTER this letter, Dr. PrIesTLEY, 


out of whoſe works it has been tranſcribed, 
ſubjoins the following remarks *: The 
fact mentioned in the preceding letter is 
of a very remarkable nature, and, being 
perfectly well aſcertained, it is of impor- 
tance that it be generally known, and kept 
in view, For though no perſon, that has 
hitherto been made acquainted with it, has 
been able to repeat the experiment, others 
may be more fortunate, Dr. FRANKLIN, 
and, if I miſtake not, Mr. CAN ro alſo, 
and myſelf, were preſent when Mr. HEN 
LY endeavoured to produce this appear- 
ance ; but, though every expedient that any 


5 of us could ſuggeſt was made uſe of, we had 


no ſucceſs, and J have ſeveral times attempt- 
ed it in vain ſince. I ſhall not, however, 
deſiſt from my attempts.“ | 


Experiments on Air, &g. vol. v. 


2 3 0 Mr. 
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„% Mr. ArDpex's own evidence is abun- 
dantly ſufficient to authenticate the fact, and 
J have ſince had from Mr. ConsTaBLE 
himſelf the ſame account of it. Could we 
repeat this experiment, there would not, I 
think, be any natural phenomenon, in 
which the electric fluid is concerned, that 
we could not imitate at pleaſure. This 
- circumſtance alone makes it a very intereſt- 
ing object of inveſtigation.” 


N · Iv. 


OBSERVATIONS CONCERNING: SOME PRO- 
PER TIES OF THE ELECTRIC FLUID, 


© 


A MONGST the various experiments 
| performed by Mr. WiLsox in the 
Pantheon, as mentioned in, the preceding 
pages, he made ſome with a long wire, 
which was ſuſpended by filk lines, and 
went in various directions through that 
great building. This wice was 4800 feet 
long, and r of an inch in diameter, It 
conſiſted of many pieces, which were con- 
nected by twiſting the ſeveral ends together. 
Mr. Wixso electrified this extended 
wire by means of an electrical machine ſitu- 
ated next to one of its extremities 3 and 
when the wire was fully charged, which 
happened after a few turns of the wheel, a 
perſon diſcharged it, by preſenting his 
hand to it, which was attended with a ſhort 
ſpark, but with a very diſagreeable ſtrong 
ſhock. Then Mr, W1LsoN took an equal 
length of wire, of the ſame diameter with 


- * We tho 
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the above-mentioned extended one, and, 
putting it all coiled together upon a glaſs 
ſtand, charged it with ele&ric fluid, by 
means of the ſame machine, and when 
this wire was fully charged, which took 
place after about half a turn of the wheel, 
a ſpark was taken from it, but which occa- 
ſioned a ſenſation by no means comparable 
with that given by the extended wire, ſince 
this, though longer than the ſpark of the 
extended wire, was hardly to be felt, where- 
as that was remarkably ſtrong. 


The explanation of thoſe effects might 
eaſily occur to a perſon little verſed in 
Electricity. The extended wire acquired 
a much greater quantity of Electricity than 
that which was coiled up, for the ſame 
reaſon for which an extended piece of tin- 
foil, twenty ſquare feet wide, and which 
weighs one pound, can acquire incompar- 
ably more Electricity than a ſolid ball of 
tin, which weighs one pound alſo; name- 
1y, becauſe the extended wire expoſes a far 
greater ſurface to the free air, than the wire 
that is coiled up; and the ſpark given by 
the coiled wire is longer than that given 
585 | by 


r 
B 
/ 
1 
* 
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by the other, in ſo much as the electric 
fluid, whatever its quantity may be, can be 
much more condenſed on the coiled than 
on the extended wire; it being well known, 
that the length of the ſpark given by elec- 
trified Conductors is proportional to the 
condenſation, and not to the quantity of 
electric fluid, 


To obſerve, that the extended wire re- 
quired many turns of the wheel before it 
became charged, whereas the coiled wire 
required leſs than one turn ; the obſerva» 
tions made and mentioned by various writ= 
ers on Electricity, relating to the capacity 
of Conductors under various circumſtances; 
Dr. FRANKLIN's experiment of the gar 
and chain, and innumerable other experi- 
ments of the like nature, might have con- 
vinced Mr. WiLsowN of the truth of the 
above-mentioned natural and clear expla- 
nation ; but, upon thoſe phenomena Mr. 
Wirso eſtabliſhes a principle which does 
not ſeem ſatisfactory, He imagined, that 
in ſo much the extended wire gave a much 
ſtronger ſhock than that which was coiled 
VP. as the eleftric fluid percurring the 


whole 
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whole length of the extended wire acquired 
a great degree of velocity; hence the im- 
petus with which it ſtruck the hand or other 
body preſented to the charged wire, ocea- 
ſioned thatdiſagreeable ſenſation, which ſen- 
ſation was not accompanied with the ſpark 
given by the-coiled wire, becauſe the elec- 
tric fluid could not acquire any velocity, as 
it did not go through a great extent "of con- 
* W f 8 


This theory ſeems to be not true, for 
the following reaſons. Firſt, It is well 
known that meta], and in general any fort 
of conducting ſubſtance, does in ſome mea- 
ſure reſiſt the free paſſage of the electric fluid 
through its ſubſtance ; hence the electric 
fluid, in going through a long Conductor, 
muſt be retarded rather than accelerated. 
Secondly, The electric fluid being elaſtic, 
whenever a way is open for it to eſcape out 
of a Conductor, upon which it has been 
confined, it muſt exert its greateſt force at 
firſt; that is, the quantity of it, which 
comes out at firſt, has the greateſt velocity, 
becauſe it is impelled by the greateſt expan- 
five force; but, according as more and 


2 more 


> | =  _V» 


math, Mr. W1r 80N, . he firſt made 


Conductor, that impelling foree or elaſticity 
leſſens; hence the laſt particles of electric 
fluid come out of the Conductor with leſs 
velocity ; thus in a condenſing, fountain, 


out of which the ſtream of water iſſues, on 
account of the elaſticity of the air condenſ- 
ed in the cavity of the inſtrument, the 
ſtream at firſt comes out with greater vio- 
lence, and mounts higher up, but after- 
wards loſes its velocity by degrees, becauſe 
the condenſed air becomes gradually: lefs 


and leſs condenſed, and conſequently: exerts 


a force continually ſmaller and ſmaller 


againſt the water. Laſtly, It may be ob- 


ſerved in general, as it has been proved by 
many experiments, that if two unequal 
Conductors, one of which. A is more ex- 
tended than the other B, diſcharge equal 
quantities of electrie fluid under the form 


of ſparks from like terminations, the ſpark 


given by A is leſs ſtrong than the ſpark 


given by B, and that for the above- men- 


. reaſons: 10 > res AI 


Notwibfanding the abxioaſuoſ of thoſe 


the 


* 
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more of the electric fluid comes out of the 
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the experiments at the Pantheon, ſeems to 
have become continually more and more 
attached to his opinion, ſo that ſome time 
ago, he publiſhed a ſmall tract, entitled 
A- ſhort View of Electricity, in which he 
endeavours to eſtabliſh his theory of the 
acceleration of the electric fluid, &c. upon 
mathematical principles. This ſtep deter- 
mined me to take notice of it in this Ap- 
dix, in order to prevent any wrong no- 
tions in the heads of novices; for perſons 
who are not converſant with mathematics, 
will take any propofition for true, when 
they are aſſured that it is mathematically 
fo. Mr. WiLsoN's theorem conceals a 
fallacy, and ſhews that a perſon very well 
ſkilled in a ſcience, as Mr. W1LsoN is in 
Electricity, can eaſily fall into a miſtake, 
when he is too much attached to a favou- 
rite opinion.— Mr. W1LsoNn's words are 
the following : 


« Upan Acceleration, 


« The experiments at the Pantheon, 

c which were intended to ſhew the acce- 
« leration of the fluid, having been objet- 
« ed to by many, who have not ſufficiently 
*« attended 
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attended to the known properties of the 
* elaſtic fluid, it has been thought proper 
here to eſtabliſh this very material point 
% upon mathematical principles, with. a 
„% view to put an end to all farther diſ- 
“ putes on the ſubject. 


« But before this is done, it may be 
* neceſſary to mention a material fact that 
«« was omitted in the account of thoſe ex- 
* periments ; which is this, 


„The ſhock received at the middle of 
the long wire, was confiderably leis than 
© that which was received at either end. 


© THEORE N. 


. [1 * 8 * z * * 
i 7 . 8 . 1 , * * . 


1 2 3 4 5, Kc. N 


« Let AB repreſent a cylinder of a given 

« diameter, and ſuppoſe this cylinder 
« charged with the electric fluid. I fay, 
« if all the particles of this fluid are moved 
„ at the ſame inſtant towards A, the effect 
600 * produced by the ſhock of this fluid at 
« A will 
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« A will be nearly proportional to tlie 
« ſquare of A B; for the total effect at 
A ĩs equal to the ſum of the effect of each 
« particle .contained in the cylinder AB: 
1 and the effect of each partiele being pro- 
6 portional to its velocity, the total effect 
« at A will be proportional to the ſum of 
« all the velocities. But ſince the fluid is 
, ſuppoſed nearly perfectly elaſtic, all the 
« particles will arrive at A nearly at the 
« ſame inſtant; then the velocity of each 
« particle will be proportional to the diſ- 
« tance from the place it ſets out, and the 
” total effect at A will be r to 
« the ſum of all thoſe diſtances. - 


% But alh thoſe: diſtances: are expreſſed 
4 by the following numbers, 1, 2, 3, 4 5. 
cc &c. N (N expreſſing the 
cc length A B) in an arithmetical progreſ- 
« ſion. Then the ſum of all the diſtances 


* will: be expreſſed by the ſum of the 
<« arithmeticdl progreffion 1, a, 3, 4, 5, 
66. &c - S464 — N, and the effect at A 


« with be proportional to this ſum; that is 
to ſayi to N. or AB. Q E. D.” 


+» 
%4 4" Mr. 
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Mr. W1LsoN's abſtract propoſition is 
certainly evident, vis. © That if all the 
particles of the electrie fluid are moved at 
the ſame inſtant towards A, (by which, I 
feppoſe, he means if they arrive at A in tho 
ſame inſtant of time) the effect produced 
by the ſhock of this fluid at A will bs 
nearly proportional to the ſquare of A B.“ 
But this propoſition cannot be poſſibly ap- 
plied to the matter of fact, or actual expe- 
riment, ſince the condition upon which tho 
propoſition depends cannot be verified; 


viz. we do not know whether or no the 


particles of the electric fluid that are in the 
long wire, do all arrive at one end of it 
preciſely at the ſame time. Beſides, we 
may fafely ſay, that from the conſiderations 


mentioned in the preceding pages, and from - 


the analogy of other natural phenomena, 
it appears that they do not, and cannot 
arrive to the extremity of the wire preciſely 
at the ſame time. Between the particles of 
electric fluid which arrive firſt at one ex- 
ttemity of the wire, and thoſe which ar- 
rive laſt at the ſame extremity, there is an 
interval, a difference of time. Mr. Wrzs 
SON __ * all the particles will arrive at 
A, nearly 


— — ——KÄ•— ä—UU U— p Daw »— — 2 — 
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A, nearly at the ſame inſtant.” Now; even 
that nearly implies a length of time, which, 
however imperceptible it may be to our 
ſenſes, is yet ſufficient for the natural opera- 
tion. For inſtance, ſuppoſe that the extended 
and electrified wire is a mile long, and alſo 
ſuppoſe that a quantity of electric fluid em- 
ploys one hundredth part of a ſecond of time to 
go through that length of wire, and that with- 
out acceleration, or even with a little retarda- 
tion, which is by no means an exaggerated 
ſuppoſition. Now, if a way be opened to the 


electric fluid in the wire, v/z. the hand, &c. 


be preſented to one extremity of it, the 
neareſt particles of the electric fluid will 
come out firſt, and the remoteſt laſt ; yet 
that difference, agreeably to the ſuppoſition, 
does not exceed one hundredth part of a ſe- 
cond, which is abſolutely unperceivable by 
our ſenſes ; ſo that the appearance is exactly 
the ſame as if all the particles of the elec- 
tric fluid came out of the extremity of the 
wire preciſely at the ſame inſtant of time. 
I think, therefore, that what Mr. WiLsoN 
imagines to have eſtabliſhed upon mathe- 
matical principles, is far from being mathe- 
matically demonſtrable. Without dwelling 


any 
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any longer upon Mr. WILsox's propoſi- 
tion, and the corollaries which -he deduces 
from it, I ſhall only take notice of a re- 
markable experiment he made at the Pan- 
theon, with the already- mentioned appara- 
tus; which, however, he attributes to the 
accumulated velocity, which the electric 
fluid acquired in percurring the ſubſtance of 
a very long Conductor. | 


Mr. Wirsox fired gunpowder by means 
of the ſtream of electric fluid, but without 
ſpark or ſhock. The method is as follows, 
in his own words: Upon a ſtaff of baked 
« wood-a ſtem of braſs was fixed, which 
* terminated in an iron point at the top. 
« This point was put into the end of a 
© ſmall tube of Indian paper, made ſome- 
«© what in the form of a cartridge, about 
% two-tenths of an inch in diameter. 
When this cartridge was filled with 
« common gunpowder (unbruiſed) the 
« wire of communication with the well 
« was then faſtened. to the bottom of the 
s“ braſs ſtem. - Being/ſo circumſtanced, and 
«.whilſt the charge in the great cylinder 
« and wire was continually kept up by 
SF oL. II. R 7 « the 
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« the motion of the wheel, the top of the 

1 cartridge was brought ſo near to the 
drums as frequently to touch the metal. 
* In this ſituation, a ſmall, faint, lumi- 
* nous ſtream was obſerved between the 
«top of the cartridge W the metal 
drum. 


cSometimes this ſtream would ſet fire 
** to the gunpowder at the inſtant of the 
* application; at others, it would require 
„ half a minute, or more, before it took 
«« effect. But this difference in time 
we might probably ariſe from ſome differ- 
„ ence in the circumſtances; for any the 
4 Jeaſt moiſture, &c.” 


It ſeems that in this experiment the gun- 
powder was fired by the heat occaſioned 
by the denſe ſtream iffuing out of the vaſt 
Conductor, which diſcharged a prodigioos 
quantity of electrie fluid in that concen- 

trated manner. This experiment was af- 


terwards imitated by Mr. NAIRN E, with 
the Leyden phial. When a large electric 
jar was charged, Mr. Nairns preſented 
the cartridge of gunpowder, ſimilar to that 
| : & | 


uſed 


X 
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uſed by Mr. Wi1LsoN, to the knob of the 
jar, and the powder was fired without any 
exploſion of the jar. In this experiment, 
the wire upon which the cartridge was 
fixed, did not communicate with the out- 
ſide of the jar by a good conducting com- 
munication, but both the outſide of the jar, 
and the ſaid wire, did communicate with 

the ground; ſo that it may be ſaid, that 
the circuit between the two ſides of the jar 
was imperfect; hence the nne Was 
not made by a full exploſion. 


{ 8 R 2 N* V. 
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. V 


EXTRACTS FROM MR, VOLTA's PAPER, 
| Inferted in the 92d vol. of the Phil. Tranf, 


Concerning the Capacity of Conduftors, 4 
new Methiad of diſcovering very ſmall 
Degrees of Eleftricity, and the e bo 

of the Atmoſphere, 


R. VoLTa's papet on the method 
of diſcovering the ſmalleſt degrees of 
Electricity, either natural or artificial, con- 
taining ſeveral particulars not only new, but 
alſo very intereſting to electricians, it was 
deemed neceſſary to inſert in this book at leaſt 
a ſummary account of them; and had the li- 
mits of the work permitted it, I ſhould have 
tranſcribed the whole paper ; however, the 
extracts are ſuch as, I imagine, will convey a 
diſtin& idea of the diſcoveries of that ex- 
cellent electtician, and will leave out not 
more than what the ingenuity of the reader 
may . ſupply. I have generally uſed the 
words 
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words of Mr. VoLTA himſelf; but I have 
changed in great meaſure the order of the pa- 
ragraphs, for the ſake of rendering the ſub- 
ject more intelligible in a , ſtate. 


' CondeRtingbodies, of the ſame ſhape, will 
contain a greater or leſs quantity of Elec- 
tricity, according as their ſurfaces are leſs or 
more influenced by homologous atmoſpheres ; 
and the capacity of a Conductor, which has 
neither its form nor ſurface altered, is in- 
creaſed when, inſtead of remaining quite 
inſulated, the Conductor is preſented to 


another Conductor not inſulated, and this 


increaſe is more conſpicuous, according as 
the ſurfaces of thoſe Conductors are larger 
and come nearer to each other, When an 
inſulated Conductor is oppoſed or preſented 
to another Conductor whatever, Mr. Vor- 
TA calls it a conjugate Conduthor. N 


In order , to. ſhew by experiment the 
abave-mentianed property or increaſe of 
capacity in a Conductor, take the metal 
plate of an electrophorus, and holding it by 
its inſulating handle in the air, electrify it ſo 
high, as that the index of an electrometer an- 


R 3 nexed 
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nexetl to it might be elevated to 60 then 
lowering this metal plate by degrees towards 
a table or other conducting plain ſurface, 
you will obſerve that the index of the elec- 
trometer will fall gradually from 60 to 50*, 
49% zo“, &. Notwithſtanding this ap- 


pearance, the quantity of Electricity in the 
plate remains the ſame, except the ſaid 
plate be brought ſo near the table as to o- 
caſion a trapſmiſſion of the Electticity from 
the former to the latter; at leaſt the quan« 
tity of Electricity will remain as much the 
ſame as the dampneſs of the alf, &c. will 
permit. The decteaſe, therefore, of inten- 
ſity is owing ta the increaſed capacity of the 
plate, which is now conjugate, vig. oppoſed 
tao another conducting ſurface. In proof of 
which, temqve gradually the metal plate 
from / the/ table, and it will be found that 
the electromater riſes again to its former 
ſtation, namely to 60, excepting the loſs of 


that quantity of Cera during 


the enpetiment — er 
_—_ Is; 32271 


6 © The — of this > ikea 1 eaſy 
derived frortt-the action of electrie atmo- 


I 2 1 71 ſpheres. 
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ſpheres. The atmoſphere of the ul plate, 
which, for the preſent, we ſhall ſuppoſe t6 
be electriſied poſitively, acts upon the table 
or other Conductor to which it is preſented ; 
fo that the electric fluid of the table, agree- 
ably to the known laws, retiring to the re- 
moter parts of it, becomes more rare in 
thoſe parts which ate expoſed to the metal 
plate, and this rarefaction becomes greater, 
the nearer the eleQrified metal plate is 
brought to the table. If the metal plate is 


electrified, then the contrary effects muſt 


take place. In ſhort, the parts immerſed 
into the ſphete of action of the electrifed 
metal plate, contract a contrary Electricity, 
which accidental Electricity, making in 


ſome manner a compenſation for the real 


Electricity of the metal plate, dimiinithes Its 
intenſity, as is ſhewn by the FOI * 


the electrometer. | ny 


The two feltowitg experiments wil | 


throw more light upon the reciprocal Oy 
of the electric atmoſpheres. Firſt, ſupp6 
two flat Conductors, electrified both poſi- 
tively or both negatively, to be preſented 
towards, 'and to be — brought gear, 
R 4 each 
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each it will appear by two annexed 
electromtters, that the _ nearer thoſe. two 
Conductors come to each other, the more 
their intenſities will increaſe; which ſhews, 
that either of the two conjugate Conductors 
has a much leſs capacity now, than when it 
was ſingly inſulated, and aut of the influence 
of the other, This experiment explains 
the _ reaſon why an electrified ConduQer 
will ſhew a greater degree of intenſity when 
it comęs to be contracted into a ſmaller bulk; 
and _ alſo Why a long extended Conductor 
will ew a leſs degree of intenſity; than a 
more compact one, ſuppoſing that the quan- 
tity of ſurface and of Electricity is the fame 
in both ;,. becauſe the homologous atmo- 
ſpheres af their parts interfere leſs, with 
each. other in the. former than in the latter 


moin h Scl; "m G Wöotl 


* let the preceding beet be 
ted, with this variation only, viz... that 

one of the flat Conductors be electrified | po- 
fitively, and the other negatively : the ef- 
fects then will be juſt the 4 — of the 
recedivg ;., vir. the intenſities of their 
Nb will be diminiched, N 
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their capacities are increaſed, - the 'nearer 
the Conductors come to each other. 


Let us now apply the explanation of this 
laſt experiment to that of bringing an glec- 
trified metal plate towards an uninſulated 
conducting plane; ; for as this plane acquires 
a contrary Electricity by the vicinity of the 
electrified plate, it follows that the intenſity 
of the Electricity of the metal plate muſt be 
diminiſhed, and in the ſame proportion its 
Capacity is increaſed ; conſequently the me- 
tal plate in that caſe may receive a greater 
n of . 


This property may be rendered ſtill more 


evident, by inſulating the conducting plane 


whilſt the electrified plate is very near it, 
and afterwards ſeparating them; for then 
both the metal plate and the conducting 
plane (which may be called the inferior 
plane). will be found electrified, but poſſeſſ- 
ed of gontrary Electricities, as may be aſcere 


tained by « electrometers. 


I the inferior plane be inſulated firſt, and 
then the electrified plate be brought ls 


4 
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them the latter will cauſe an endeavour in 
the former to acquire a contrary Electricity, 
which however the inſulation prevents 
from taking place; hence the intenſity of 1 
Elefricity of the plate is not diminiſhed, 

at leaſt the electrometer win ſhew a very 
little and almoſt imperceptible depreſſion, 
which is owing to the impetfection of the 
inſulation of the inferior plane, and to the 
ſmall rarefaQtion_ and condenſation , of the 
| electric fluid, which may take place ĩ in dif- 
ferent parts of the {aid inferior Plane, "But 
if in this ſituation the loferior plane be 
touched, ſo as to cut off the inſulation for & 
moment, then it will immediately acquire 
the, contra Electricity, and the intenſity 
10 tl he "SLE plate, will 0 Aiminihetl, A 


W's, the inferior plane, inſtead of Wb th 
fulated, were itſelf a non-conduting fub⸗ 
ſtance, then, the fame phenomena would 
happen, viz. the intenſity of the ele&rified 
Self plate laid upon it would not be di- 
miniſhed. This, however, is not always the 
caſe ; for if the ſaid inferior non - conducting 
plane be very thin, and be laid upon à Con- 
togor, then the intenſity of the clectriſted 


metal 
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metal plate will be diminiſhed, and its ca- 
pacity will be increaſed by being laid upon 
the thin inſulating ſtratum ; becauſe in that 
caſe the conducting ſubſtance, which ſtands! 
under the non conducting ſtratum, acquit- 
ing an Electricity 'contrary to that of the 
metal plate, will diminift its intenfity, &c. 
and the inſulating ſtratum will only dimi- 
niſn the mutual action of the two atmo- 
ſpheres; more or leſs, according as it * 

oy more'or leſs er 85 


w 


The ety or cleric action of 8 
metil place; which diminihbs grädusliy le 
it is brought nearer and neirer to a ooduct- 
ing plane not inſulated, becomes almoſt 
nothing when the plate is nearly in contact 
with the plane, the compenſation or acci- 
dental balance being then almoſt perfect ; 
hence if the inferior plane only oppoſes a 
ſmall reſiſtance to the paſſage of the Elec» 
tricity (whether ſuch reſiſtance be occaſioned. 
by a thin electric ſtratum, or by the plane's 5. 
impetfect conducting nature, as is the caſe. 
with dry wood, marble, &c.) that reſiſt - 
ance, and the interval, however ſmall, chat 
is 2 the two planes, cannot be over 


come 
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come by the weak intenſity of the Electri- 
city of the metal plate, which on that ac- 
count will not dart any ſpark to the inferior 
plane (except its Electricity were very 
powerful, or its edges not well rounded) 
and will rather retain its Electricity; ſo 
that, being removed from the inferior plane, 
its electrometer will nearly recover its for- 
mer height. Beſides, the electriſied plate may 
eyen come to touch the imperfectly con- 
ducting plane, and may remain in that ſitu- 
ation for ſome time: in which caſe the in- 
tenſity being reduced almoſt to nothing, the 
Electricity will paſs to the inferior plane 
Se un. | 


But the caſe will not — che ſame, if. in 
performing this experiment, the electrified. 
metal plate be made to touch the inferior 
plane edge; for then its intenſity being 
greater than when laid flat, as it appears by 
the electrometer, the Electricity eaſily over- 
comes the ſmall reſiſtance, and paſſes to 
the inferior plane, even acroſs a thin elec- 
trie ſtratym ; becauſe the Electricity of 
one plane i is balanced by that of the other, 
only in proportion to the quantity of ſur- 
E face 


irn — 
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face which they oppoſe to each other with- 
in 2 given diſtance; whereby, when the 
metal plate touches the other plane in flat 
and ample contact, its f e is not dit- 
ſipated. 


This explanation, properly applied, ren- 
ders evident the action of points in general. 
Juſtly ſpeaking, a pointed Conductor, not 


Inſulated, when preſented to an eleQrified 
body, has not in itſelf any particular virtue 
of attracting Electricity. It acts only like 


a Conductor not inſulated, which does not 
oppoſe any” reſiſtance to the paſſage of the 
electric fluid. If the ſame Conductor, in- 
ſtead of being pointed, were to preſent a 
globular or flat ſurface to the electrified 
body, neither in that caſe it would oppoſe a 
greater reſiſtance to the paſſage of the Elec- 
tricity. But the reaſon why the Electricity 
will not paſs nearly ſo eaſily from the elec- 
trified body to the globular or flat conduc- 
tor, as to the pointed one, is becauſe in the 
former caſe the intenſity of the Electricity in 
the electtified body is weakened by the op- 
flat ſurface, which, acquiring the 
wand Electricity, compenſates the di- 
miniſhed 
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miniſhed intenſity incomparably more than 
a point is able to do. It appears, there- 
Fore, that it is not the particular proper- 
ty of a point or of a flat ſurface, but the 
different ſtate of the electrified body, that 
makes it part with its Electricity eaſier, and 
from à greater diſtance, when a pointed 
conducting ſubſtance, than when a flat Slo- 
bular one, is * to it, 


What loaks like a paradox in the caſe of 
an eleftrified plate ſtanding upon an imper- 
FeRly conducting plane, is, that the metal 
plate, whilſt ſtanding upon the other plane, 
will not loſe all its Electricity, even if it be 


touched with a finger or with a piece of 


metal; ſo that it generally remains ſo far 
electrified, as when it is afterwards ſeparat- 


ed from that plane, it will often afford a 


ſmall ſpark, or at leaſt it will affect an elec- 
trometer. Indeed this phenomenon. could 
not be explained upon the ſuppoſition that 
the finger or the metals were perfect Con» 


ductors: but ſince we do not know of any 
perfect Conductor, the metals or the fin- 
ger oppoſe a reſiſtance ſufficient to retard 
the immediate dun pation of the Electricity 

of 
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of the plate, which is in that caſe actuated 
by a very ſmall degree of intenſity or endear 
your. of expanding; ſo that ſuppoſe, for 
inſtance, that the piece of metal or the fin- 
ger, by touching the plate, took off ſo much 
of its Electricity as to reduce the intenſity 
of the remainder, to the fiftieth part of a 
degree, this remaining Electricity would 
then be almoſt nothing; but when the 
plate, by being ſeparated from the inferior 


plane, has its capacity ſo far diminiſhed as 


to render the intenſity of its Electricity one 
hundred times greater, then the intenſity of 
that remaining Electricity would —— of 
two degrees, viz. ſufficient to afford a a ſpark 
or to affect an electrometer. 


Hlitherto we hy ts conſidered in what 
manner the action of electric atmoſpheres 
muſt modify the Electricity of the metal 
plate in various ſituations. We muſt now 


conſider the effects which take place when 


the Electricity is communicated to the me- 


tal plate wh ilſt ſtanding upon the imperfectly 


conducting plane; however the explanation 


of this eaſily follows from what has been 
ſaid above. duppoſe, for inſtance, that a 


Leyden 
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Leyden phial or a Conductor were ſo weakly 
electrified, that the intenſity of its Electricity 
were only of half a degree, or even leſs; if 
the metal plate, when ſtanding upon the 
proper plane, were touched with that phial 
or Conductor, it is evident that either of 
them would impart to it a quantity of its 
Electricity, proportional to the plate's capa- 
city, viz. ſo much of it as would make the 
intenſity of the Electricity of the plate equal 
to that of the Electricity in the Conductor 
or phial, ſuppoſed of half a degree; but the 
plate's capacity, now that it lies upon the 
proper plane, is above one hundred times 
greater than if it ſtood inſulated in the air ; 
or, which is the ſame thing, it requires one 
hundred times more Electricity in order to 
ſhew the ſame intenſity ; therefore, in this 
caſe, it muſt acquire upwards of a hundred 
times more Electricity from the phial or 
Conductor. It naturally follows, that 
when the metal plate is afterwards removed 
from the proper plane, its capacity being 
leſſened ſo as to remain equal to the hun- 
dredth part of what it was before, the in- 
tenſity of its Electricity muſt become of 


55 3 ſince, agrecably to the ſuppoſition, the 
intenſity 


t 
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intenſity of the Electricity in the phial c or 
Conductor was of half a degree 4. 


*ﬀf Conductor that is electrißed whilſt 
ſtanding in full and ample contact with 
another proper Conductor, or ſemi- inſulat- 
ing body, as above mentioned, and is after- 
wards ſeparated from it, ſhews the ſame 
phenomena that are exhibited by 4 Conduc- 
tor, which, after being electrified, is con- 
tracted into a ſmaller bulk, or contrarywile, 
like 'Dr. FRANKLIN'S experiment of the 
can and chain, Ke. ＋. 


1 * 


If a ſmall quantity of glektneh) 6 com 


Wr N to the metal plate, whilſt ſtand- 


la a paper on the capacity be 
Mr. Vor ra, conſidering the great capaeity of a Leyden 
phial, ſnews that the cauſe of jt is the Electticity coms 
municated to one of its ſurfaces being balanced by the 
contraty Electricity of the oppoſite ſurface. He like- 
wiſe proves, that the capacity of fixteen ſquare inches of 
coated electric ſurface is equal to the capacity of a Con- 
ductor made of ſilyered cylindrical ſticks, nearly one 


hundred feet long, the capacity of which is ſo great as 
to afford a ſpark ©, — of mn A ſhoe conſi- 


derably ſtrong. 
+ See page 331, vol. i; of this work, 
Vor. II. 8 ing 
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ing on the proper plane, will afterwards 
enable it to give a ſtrong ſpark, it may be 
aſked, what would a great quantity of 
Electricity do? The anſwer is, that it 
would do nothing more; becauſe, when the 
Electricity communicated to the metal plate 
is ſo ſtrong as to overcome the ſmall reſiſt- 
ance of the inferior plane, it will then be 
diſſipated. 


It will be readily underſtood, that if the 
metal plate fituated upon a proper ; plane 
can receive a good ſhare of Electricity from 
a Leyden phial, or from an ample Conduc- 
tor, however weakly electrified, it cannot 
receive any conſiderable quantity of it from 
a Conductor of a ſmall capacity ; for this 
Conductor cannot give what it has not, 
except it were continually receiving a 
ſtream, howſoever ſmall, of Electricity, as 
is the caſe with an atmoſpherical Con- 
ductor, or with the prime Conductor of an 
electrical machine, which acts very poorly, 
but continues in action. However in ſuch 
caſe a conſiderable time muſt elapſe before 
the metal plate has acquired a ſufficient 
quantity of Electricity. 2 
2 Thus 


— 
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Thus much being premiſed relating to 
the capacity of Conductors, we now pro- 
ceed to deſcribe Mr. VoLTA's ingenious 
method of diſcovering, or of rendering ſen- 
ſible, the ſmalleſt quantity of Electricity, 
which is entirely dependant on the fore - 


going principles. 


The method, in ſhort, is to communicate 
the ſmall, and otherwiſe unobſervable quan- 
tity of Electricity, to the metal plate of an 
electrophorus whilſt ſtanding on an imper. 
fectly inſulating plane; for in that ſituation 
the capacity of the metal plate being aug- 
mented, it will acquire an incomparably 
greater” quantity of Electricity than if it 
ſtood inſulated in the air; and afterwards, 
when ſeparated from the plane, its capacity 
will be contrafted ; and conſequently, its 
Electricity increaſing at the ſame time, its 
intenſeneſs will evidently manifeſt itſelf 
either by ſparks, or, which is the eafieſt-anl 
ſafeſt method, by affecting an * 


The particulars neceſſary to be * in 
view in this method are the following. The 
mate) plate muſt be at leaſt ſix inches in di- 

8 2 = ameter, 
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ameter, with the edge well rounded, and 
having varniſhed glaſs handle ;—inſtead of 
glaſs ſome. perſons have uſed i three. fil 
ſtrings. The inferior plane muſt be of a 
wery imperfect conducting nature, as dry 
marble, very dry and lightly varniſhed 
wood, a common piece of wood covered 
with oiled ſilk, or ſuch- like ſubſtance; but 
let the ſubſtance be what it will, its ſutface 
muſt» be very ſmooth, and ſuch as to coin- 
cide as well as poſſible with the ſurface! of 
the metal plate; on which account, if a 
marble! ſlab be chaſen for the inferior 
plane, it will be proper to fit the ſurface of 
the metal plate to that of the marble, by 
grinding one againſt the other. What 1 
find to be very fit for this purpoſe is a paper 
drum, conſiſting of a common wooden hoop, 
ſuch as are uſed for caſks, over which a 
piece of thick voriting · paper is paſted, on the 
back of which I paſte a piece of tin- foil. 
The upper ſurface of the paper is varniſhed 
only once with ſhell- lac diſſolved in ſpirit 
of wine. This ſort of plane has many ad- 
vantages, viz. it is eafily made, and being 
light is very portable ; its ſurface is per- 
fectly plane, excepting indeed when the 
Ram * © 5 hoop 
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hoop is not very ſtrong, for then the con- 
traction of the paper has power ſufficient to 
warp it; and laſtly, as the thickneſs of the 
paper and of the varniſh may be varied at 
pleaſure, and very eafily, the faid plane may 
be rendered of any required degree of con- 
ducting apy 


Now ſuppoſing that an inferior ſemi- con? 
ducting plane and a metal plate are properly 
- conſtructed, lay the former upona table, and 
upon it lay the latter, taking care that in 
this operation; or in wiping, &c. the ſurface 
of the inferior plane be not excited; for 
that would fruſtrate the experiment *. Then, 
with the corner of a dry handkerchief, a 
piece of flannel, of paper, &c. ſtrike five or 
ſix times the metal plate. Afterwards, 
laying hold of the glaſs handle, lift up the 
metal plate from over the inferior plane, 
and - preſenting it to the. ele&rometer you 
will find that it is evidently electrified, If 


* In caſe the ſurface. of the inferior plane bas 
acquired any Electrieity, either from rubbing it inad- 
vettently, orotherwiſe, the beſt way of freeing it of that 
Electricity, is to paſs it over the ame of a 26 


aachen. f 1957 nne New 
s ; this 
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this experiment of ſtriking the plate be 
repeated when the plate is not on the proper 
plane, you will find either not the leaſt veſ- 
tige of Electricity, or a quantity of it in- 
comparably ſmaller than that obtained in the 
other way . 


By this means, Mr. VorT a has oben ind 
Electricity not only ſufficient to manifeſt its 


quality, but even enough to afford ſparks, 
and that from ſubſtances which could be 
hardly ſuſpected to be electrified. An at- 


moſpherical Conductor not much elevated 
above the top of a houſe, if it be made to 
communicate with the metallic plate ſtand- 
ing on the proper plane (which Mr. Vor- 
TA juſtly calls the electrical condenſing ap- 


Paratus) will be found to be electrified 


at times in which it would not ſhew any 
figns. of Electricity by any other means. 
Several ſubſtances, even ſome that are con- 


ſidered as very good Conductors, will be 
found to afford a ſenſible quantity of Elec- 


tricity, when the metal plate of the con- 
denſing apparatus is ſtroked with any of 
them, ſuch as pieces of cloth, or of leather, 


moſt green vegetables, and even the human 
hand. 


| 
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hand. Indeed there is hardly any ſubſtance, 
beſides fluids or very ſoft ſubſtances, which 
will not afford a ſenſible degree of Electri- 
city by this method. But the moſt remark» 
able diſcoveries made by Mr. Vol r a, are 
that the evaporation of water and other flu- 
ids produces Electricity. Some efferveſcences 
he alſo found to produce Electricity, though 
their Electricity may be only the conſe- 
quence of the evaporation which generally 
accompanies efferveſcences ; but before I 
mention any thing farther relating to thoſe 
diſcoveries, I ſhall juſt deſcribe two im- 
provements of mine concerning the above- 


mentioned condenſing apparatus. 
| J 


| Obſerving that in ſtroking the metal plate 
in order to obtain Electricity from various 
ſubſtances, and eſpecially from the hand, 
the plate was often moved ſo as to occaſion 
ſome friction upon the inferior plane, which 
ſometimes excited that plane in a fmall de- 
gree, and conſequently rendered precarious 
the reſult of the experiment, I thought of 
the following improvement, which entirely 
prevents any motion being communicated 
to the metal plate. FI 


S 4 Upon 


\ 
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VU pon varniſhed glaſs handle a braſs tube 
about ſix inches long, and + of an inch in di- 
ameter, was cemented, and from the extre- 
mity of this tube a fine and very flexible 
wire proceeded, which was about fourteen 
inches long. Now when the metal plate 
was ſituated upon the inferior plane, I held 
the glaſs handle of the braſs tube with my 
left hand, in ſuch a manner as that the end of 
the wire might touch the plate, the reſt re- 
maining in the air. Sometimes, in order to 
make a better contact, the end of the above - 
mentioned wire was put into a hole purpoſe- 
ly made in the edge of the plate. In this 
diſpoſition of the apparatus the ſubſtances 
to be tried are ſtroked upon the braſs tube, 

and the Electricity produced by them is 
conveyed to the metal plate by. the wire, 
which being fine and flexible communi- 
19 75 not the leaſt motion to the ſaid plate. 


"The other improvement oni! in ten- 
gering ſenſible degrees of Electricity ill 
ſmaller than thoſe, which may be diſcovered 
by the above · mentioned condenſing apparay 
tus. This improvement was ſuggeſted by, 
125 is founded upon, the lame principles, 


90811 8 Notwiths 
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| Notwithſtanding the great ſenſibility of 
this apparatus of Mr. Vol rA, yet ſome- 
times the Electricity acquired by the metal 
plate from ſome ſubſtances, was fo ſmall as 
not to affect an electrometer ſufficiently to 
aſcertain its quality, or even its exiſtence; 
hence I naturally thought that, for the ſame 
reaſon for which the metal, plate of the 
condenſing apparatus manifeſted ſuch ſmall 


degrees of Electricity as could not be other- 


wiſe obſerved, another ſmaller plate, or ſmall 
condenſing apparatus, might be employed to 
collect and render ſenſible the weak Elec- 
tricity of the large metal plate. Accordingly 
I conſtructed a ſmall plate of about the ſize 


of a ſhilling, having a glaſs handle covered 


with ſealing- wax; and when the large me- 
tal plate ſeemed to be ſa weakly. electriſied 
gs not to affect an electrometer. ſenſibly, 1 
placed the ſmall plate upon the inferior 
plane, and touched it with the edge of the 
large plate: then, after removing the large 
plate, I took up the ſmall one from the plane, 
holding it by the extremity of the glaſs han- 
dle, and preſented it to the electrometer, 
which was generally ſo much affected by it 
gs to diverge to its utmoſt limits. 


— 7 
In 
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In this manner I have often obtained 
Electricity more than ſufficient to aſcertain 
its quality, from a fingle ſtroke of the cor- 
ner of a handkerchief: viz. the large plate 
being placed upon the proper plane was 
ſtroked once; then being removed and pre- 
ſented to an electrometer, it appeared not 
electrified, but by touching the ſmall plate 
with the edge of it, that ſmall plate acquired 
thereby Electricity ſufficient to make an 
ch ee ite 


When this ſecondary condenfing apparatus 
is uſed, care muſt be had to hold the large 
plate almoſt vertically whilft the ſmall plate 
is touched with it, There is' no need of 
having another inferior plane for the ſmall 
plate, the large one being ſufficient for 
both; for immediately after taking up 
the large plate weakly electrified, with 
one hand, you lay down the ſmall plate, 
nnn 


The little quantity of Electricity that can 
be diſcovered by this means is really ſurprĩſ- 
ing; and there is hardly any ſubſtance, ex- 
* the metals, or thoſe which cannot be 

ſubjected 
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ſubjected to trial, as water and other fluids, 
which will not produce ſome EleQricity 
when rubbedor ſtroked againſtthelargeplate 
of the condenſing apparatus, and that Electri- 
city is afterwards condenſed by being com- 
municated to the ſmall plate. In conſe- 
quence of thoſe experiments it appears, that 
throughout the works of nature there is a 
continual motion of the gleftric fluid from 
one ſubſtance to another; ſince there is 
hardly any friction, and, as it will appear 
by what follows, any evaporation or con- 
denſation, but it produces Electricity. The 
extenſive influence of this fluid, or of that 
power which we call electric, and the im- 
menſe dependence of the powers of nature 
on each other, indicate that Electricity muſt 
be employed for ſome great operation; but 
human induſtry has not yet removed the veil 
from this great myſtery. | 


The principal diſcovery, which, Mr. 
VoLTA made by means of the condenſing 
apparatus, is the Electricity produced by the 
evaporation of water, which explains in a 
great meaſure, if not entirely, the origin 4 
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the atmoſpherical Electricity v. He found 
that water quickly evaporated, that the ſim- 
ple combuſtion of coals, and that the effer- 
veſcence of iron filings, in diluted vitriolic 
acid, when performed in inſulated veſſels, 
left the veſſels negatively electrified. This 
negative Electricity he generally collected and 
rendered manifeſt by means of the above- de- 
ſcribed: condenſing apparatus; but ſome- 
times it is ſo ſtrong as not to require any 
thing more than a ſenſible electrometer con- 
need with the inſulated veſſel by means of 
* as 2 wire or the like, 2:61 

A The experiment of produciag ledricity 
by the evaporation of water may be eaſily 
performed, thus: Upon an inſulating ſtand, 
as a wine glaſs or other electric ſubſtance, 
place an earthen veſſel, as a crucible, a 
baſin, or ſuch like. thing, and put into it 
three or four lighted coals. Let a wire be 
put with one end amongſt the coals, and 
with the other let it touch a very ſenſible 
electrometer. (One of my improved atmo- 


oY This diſcovery was made on the r3th of April; 
ne- 
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ſpherical electrometers, viz. that in the 
bottle, anſwers very well.) Then pour 4 
ſpoonful of water at once upon the coals, 
which will occaſion a great hiſſing, and a 
quick evaporation ; and at the ſame time 
you” will ſee the eleftrometer N with 
negative Electricity. 


©. Mr. VorTaA (concludes the account of 
thoſe diſcoveries with the following. inge- 
nious remarks. * The experiments,” /ays be, 
s hitherto made, though not numerous, 
% yet concur to ſhew, that the vapours of 
« water, and in general the parts of all bo- 
« dies, that are ſeparated by volatilization, 
* carry away an additional quantity of elec- 
& tric fluid as well as of elementary heat; 
and conſequently that thoſe bodies, from 
the contact of which the volatile parti- 
« cles. have been ſeparated, temain both 
te cooled and electrified negatively : from 
« which it may be deduced, that whenever 
« bodies arc refolved into volatile elaſtic 
« fluid, their capacity for holding electric 
« fluid is augmented, as well as their ca- 
« pacity for holding common fire, or the 
ky * caloric fluid.” This is a ſtriking analogy _ 

þ «c by 
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«by which the ſcience of Electricity 
* throws ſome light upon the theory of 


« heat, and acl derives light * 
* It, 


« By following this analogy it ſeems, 
« that as the vapours on their condenſing 
*« Joſe part of their latent heat, on account 
* of their capacity being diminiſhed, ſo 
«« they part with ſome electric fluid. Hence 
1 originates the poſitive Electricity, which 
cc is always more or leſs predominant in the 
« atmoſphere, when the ſky is clear, viz. 
% at that height where the vapours begin 
* to be condenſed. Accordingly, the at- 
« moſpherical Electricity is ſtronger infogs, 
c in which caſe the vapours are more con- 
« denſed, ſo as to be almoſt reduced into 
* drops, and is ſtill ſtronger when thick 
« fogs become clouds, 


1 Hitherto we have accounted for the 
« poſitive atmoſpherical Electricity; but it 
« is eaſy to account for clouds negatively 
« electrified ; for when a cloud, poſitively 
4 electrified, has been once formed, its 
ec mere of action is extended a great way 

round, 
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round, ſo that if another cloud comes 
within that ſphere, its electric fluid, 
agreeably to the well-known laws of 
electric atmoſpheres, mult, retire to the 
parts of it which are the remoteſt from 
the firſt cloud; and from thence: the 
electric fluid may be communicated. to 
other clouds, or vapours,. or terreſtrial 
prominencies. Thus a cloud may be 
electrified negatively, which cloud, after 
the ſame manner, may occaſion a poſitive 
Electricity in another cloud, &c. This 
explains not only the negative Electricity, 
which is often obtained from the atmo- 
ſphere in cloudy weather, and the fre- 
quent changes from poſitive to negative 
Electricity, and contrarywiſe in ſtormy 
weather, but alſo the waving motion 
often obſerved in the clouds, and the 
hanging down of them, ſo as nearly to 


touch the earth. 


After the fore- mentioned diſcoveries, 
we need no longer wonder at the appear- 
ance of lightnings in the eruptions of vol- 


« canos, as was particularly obſerved in the 
late 


-_ 
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n late dreadful eruption of Mount Veſuvius. 
The ſew experiments I have made, ſhew 
* that the quantity of ſmoke, but much 
more the rapidity with which it is pro- 
* duced, tends to increaſe the Electricity, 
c which ariſes from combuſtion, &c. How 
te preat muſt then be the quantity of Elec- 
0. tricity chat is Penne in n erup- 
1 tions ("4 | 


* 


8 * 
3 N' VI. 
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Ne VI. 


AN ACCOUNT. OF A VERY POWERFUL 
ELECTRICAL MACHINE, LATELY CON=- 

""$STRUCTED FOR THE MUSEUM OF TEY= 

LR, AT HARLEM; AND OF'VARIQUS 
EXPERIMENTS. MADE WITH IT. 


H E deſcription of this machine; and 

of ſeveral experiments made with it, 
was written by Mr. Van Marxum, who 
has himſelf been the principal operator in 
thoſe experiments. The various new and 
intereſting particulars which are mentioned 
in this deſcription, render it deſerving of be- 
ing read at large by every lover of philoſo- 
phy; and the preſent ſhort extract is intend- 
ed only to give an idea of it to thoſe who 
have not the opportunity of peruſing the 
original, which was lately un at 
Harlem. 


This machine conſiſts of two circular 
glaſs plates, each 65 inches in diameter, 
which being fixed parallel to each other, and 

Vor. II. T 7: inches 
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7x inches aſunder, on a common axis, are 
turned by a winch without any accelerated 
motion, and are rubbed by eight rubbers, all 
being placed in a proper frame, Each plate 
is rubbed on both ſurfaces; two cuſhions or 
rubbers being on one fide, and two on the 
oppoſite fide of each plate. The prime 
Conductor is divided into branches, which 
enter between the plates, and, by means of 


points, collect the electric fluid only from - 


their inner ſurfaces. 61 


In . two men are employed to 
work this machine, but when it is required 
to keep it in action for a long time, then 
four men are put to it, 


The power of this machine appears to be 
greater than that of any other made before, 
and indeed its effects are ſurpriſing. I ſhall 
only enumerate them as briefly as poſſible, 
without expatiating on the points of com- 
pariſon between them and others of a ſimi- 
lar nature, performed with other machines. 


A very ſharp ſteel point, being preſented 
to the prime Conductor, drew a luminous 


—— 
* | 
: 
* 
9 - 


0 
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ſtream of electric fluid, about half an inch 
long. 


When a ſharp ſteel point was fixed to the 
Conductor, fo as to project three inches from 
it, on working the machine the point threw 
out ſtreams of light, which were ſix inches 
long when a ball of three. inches in diameter 
was preſented to it, and only two inches 
long when another point was preſented in- 
ſtead of the ball, 


The ſenſation, commonly called the ſpi- 
der's /web, on the face of the by-ſtanders, 
when this machine is in action, is often 
felt at the diſtance of eight feet from the 
prime Conductor. | 


A thread fix feet long, ſuſpended perpen- 
dicularly, was ſenſibly attracted by the prime 
Conductor at the diſtance of thirty- eight 
feet. This attraction of the thread by the 
prime Conductor was ſuch as juſt to make 
the thread deviate from the perpendicular 
| direction. A pointed wire, preſented to the 
Conductor, appeared luminous, even when 
the diſtance between the former and the 
latter was twenty-eight feet. 

8 | T 2 2 Another 
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| Another Conductor deing preſented to 
the prime Conductor, in order to receive 
the ſparks from it, and a perfect metallic 
communication being made between the 
former and the earth, by means of a long 
braſs wire + of an inch in diameter; it was 
found, that whilſt a ſtream of electric fluid 
went from the prime Conductor to the 
other, which may, be called the receiving 
Conductor, the braſs wire gave ſmall ſparks 
to conducting bodies that were placed near 
it. The quantity of electric fluid, accumu- 
lated by this machine and diſcharged by the 
prime Conductor, muſt have been really 
ſurpriſingly great; ſince a wire of 1 of an 
inch in diameter was not capable of tranſ- 
mitting it to the earth very eaſily. The 
ſparks between the two Conductors were 
generally 21, but ſometimes 24 inches long. 
The ſtream of fire was crooked, and darted 
many lateral bruſhes of a 17 1 large ne 


- Gunpowder, after the manner formerly 
uſed by Mr. WILSsoN, as it is mentioned in 
the preceding pages, and ſome other com- 
buſtibles, could be fired at the rn Con- 


ductor of this machine. 
A fGingle 
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A ſingle ſpark from the Conductor melt- 


ed a conſiderable length of gold- leaf. 


A Leyden phial, containing, about one 
ſquare foot of coated ſurface, was fully charg- 
ed by about half a turn of the winch, ſo as 
to diſcharge itſelf z and by repeated trials 
it was found, that in one minute's time this 
phial diſcharged itſelf 76, 78, and often 80 
times, » 


By many repeated experiments, accurate- 
ly made by Mr. VAN Maru, and other 
ingenious perſons, with this machine, it 
was found, that electrization, whether poſi- 
tive or negative, did neither. ſenſibly. aug- 
ment nor diminiſh the natural number of 
pulſations in a man “. 


They 


In my Eſſay on Medical Electricity it is mentioned, 
that from the experience of many it appeared, that 
Electrization increaſes the number of pulſations about 
one ſixth; but having made ſeveral experiments upon 
myſelf, I added the following obſervation in the ſecond - 
edition of the ſaid Eſſay, which was publiſhed in the 
year 1781, and conſequently long before Mr. ſo 
Marum's experiments. I do not remember Mat 
„ my pulſe was ever evidently accelerated by eleari- 


3 „% ation, 
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They wiſhed to try the effect of taking 
the electric ſparks in different ſorts of elaſtic 
fluids, and for this purpoſe, they uſed a cy- 
lindrical glaſs receiver, five inches long, and 
an inch and a quarter in diameter, into 
which different ſorts of elaſtic fluids were 
ſucceſſively inſerted, and were confined by 
quickfilver or water. To a hole made in 
the bottom of the inverted glaſs receiver an 
iron wire was faſtened, the external part of 
which communicated with a Conductor, 
which, being preſented to the prime Con- 
ductor of the machine, received the ſparks 
from it. In this diſpoſition of the appa- 
ratus it evidently appears, that the ſparks 
paſſed through the elaſtic fluid contained in 
the receiver, by going from the inner extre- 


* 


« ration, and yet I have repeated the experiment va- 
&« rjous times, and with great diverſity of circumſtan- 
dc ces.” P. 15.— Upon the whole therefore it ſeems to 
be aſcertained, that electrization does not accelerate not 
retard the ordinary number of pulſations, and that the 
augmentation generally obſerved before muſt have 
been owing to fear or apprehenſion. But I am inform- 
ed by Mr. PAxTINGTON, who has long practiſed me- 
dical Electricity, that electrization, if not in a ſound, at 
leaſt in an unſound ſtate of the body, augments the 
number of pulſations conſiderably, 


2 | mity 
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mity of the wire to the quickfilver or water 
in which the receiver was inverted, With 
this apparatus it was found, that dephlogiſ- 
ticated air, obtained from mercurial red pre- 
| cipitate, loſt <5: of its bulk, but its quality 
was not ſenſibly altered, as it appeared from 
examining it with the eudiometer. This 
experiment being repeated when the receiver 
was inverted in lime-water, and likewiſe in 
the infuſion of turnſole, there enſued no 
precipitation, no change of colour, nor an 
phlogiſtication of the air. On pouring ou 
this air; the uſual ſmell of the electric fluid 
was perceived very ſenſibly, 


Nitrous air was diminiſhed of more than 
the half of its original bulk, and in that di- 
miniſhed ſtate, being mixed with common 
air, it occaſioned no red colour, nor any ſen- 
fable diminution. It had loſt its uſual ſmell, 
and it extinguiſhed a candle. In paffing the 
ſparks through the nitrous air, a powder is 
formed on the ſurface of the quickfilver, 


which is a part of that metallic ſubſtance 
diſſolved by the nitrous acid. 


Inflammable air, obtained from icon and 
T 4 diluted 
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diluted vitriolic acid, communicated a little 
redneſs to the tincture of turnſole, The 
ſtream of electric fluid through this air ap- 
peared more red, and much larger, than in , 


common air, being every where ſurrounded 
by a faint blue light. 


The inflammable air, obtained from ſpirit 
of wine and vitriolic acid, was increaſed to 
about three times its original bulk, and loſt 
a little of its inflammability. 


Fixed air, from chalk and vitriolic acid, 
was a little increaſed in bulk by the action 
of Electricity; but it was rendered leſs ab- 

ſorbible by water, 


Vitriolic acid air, obtained from vitriolic 
acid and charcoal, was diminiſhed a little, 
and black ſpots were formed on the inſide 
of the glaſs receiver. Afterwards it was ob- 
ſerved, that only one eighth part of the elec- 
trified elaſtic fluid was abſorbed by water. 
It extinguiſhed a candle, and _ very _ 
ſmell. 

; Marine acid air ſcemed to oppoſe i in great 
rule meaſure 


APPENDIX, 28r 


meaſure the paſſage of the electric fluid; 
fince the ſparks would not paſs through a 
greater length than 25 inches of this air. It 
was conſiderably diminiſhed, but the reſt 
Was readily abſorbed by water. 


Spathous air was neither diminiſhed, nor 
any other way ſenſibly altered, by the elec- 
tric ſparks. 


Alkaline air, extracted from ſpirit of ſal 
ammoniac, was at firſt almoſt doubled in 
bulk ; then it was diminiſhed a little; after 
which it remained without any augmenta- 
tion or diminution. It became unabforbi- 
ble by water, and by the contact of flame 
it exploded, like a mixture of inflammable 
air and a good deal of common air. 


Common air was laſtly tried, and it was 


found to give a little faint redneſs. to the 


tincture of turnſole; becoming at the ſame 
time ſenſibly phlogiſticated. The» experi- 
ment was repeated thrice at different times, 
and in each time after the electrization it 
was examined by the admixture of nitrous 
air in Mr. FonTANA's eudiometer, and it 


Was 
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was compared with the ſame air not elec- 
trified ; the latter always ſuffering the 
greateſt diminution. In the firſt experi- 
ment the diminutions were 444 and 443; in 
the ſecond, 33% and 34+ ; and in the laſt, 25 
and 358. 


The experiments laſtly deſcribed by Mr. 
Van MaruM, were made with a large 
battery, which was charged by the above- 
mentioned machine. The battery conſiſted 
of 135 coated phials, all together contaĩn- 
ing about 130 ſquare feet of coated ſurface; 
and it was generally charged to the full, by 
about 100 turns of the glaſs plates of the 
machine. This battery appears to have had 
a much greater power than what was ever 
obtained before by any inſtrument of the 
kind. With it they melted an iron wire, 
15 feet long, and of an inch in diame- 
ter; and another time they melted an iron 


wire, 25 feet long, and v of an inch i in 
diameter. 


With this extraordinary power of accu- 
mulated Electricity, they tried to give mag- 
netiſm to needles made out of watch- ſprings, 


which 
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which were three and even fix inches in 
length; and alſo to ſteel bars of nine inches in 
length, from a quarter to half an inch broad, 
and about a twelfth of an inch thick. Here 
follows the reſult -of thoſe be _ 


riments. 


When the bar or needle was placed ho- 
rizontally in the magnetic meridian, which- 
ever way the ſhock entered, the end of the bar 
that ſtood towards the north acquiredthenorth 
polarity, or the power of turning towards the 
north when freely ſuſpended, and the oppo- 
fite end acquired the ſouth. If the bar, be- 
fore it received the ſhock, had ſomepolarity, 
and was 'placed with its poles contrary to 
the uſual direction, then its natural polarity 
was always diminiſhed, and often reverſed, 

ſo that the extremity of it, which in receiv- 
ing the ſhock looked towards the north, 
became the north pole, &c. 


When the bar or needle was ſtruck ſtand- 
ing perpendicularly, its loweſt end became 
the north pole in any caſe, even when the bar 


had ſome magnetiſm before, and was placed 
with 
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with the ſouth pole downwards. All other 
circumſtances being alike, the bars ſeemed 
to acquire an equal degree of magnetic 
power, whether they were ſtruck whilſt 
ſtanding horizontally in the magnetic meri- 
dian, or perpendicular to the horizon. 


When a bar or needle was placed in the 
magnetic equator, whichever way the ſhock 
entered never gave it any magnetiſm ; but 
if the ſhock was given through its width, 
then the needle acquired a confiderable de- 
gree of magnetiſm, and the end of it which 
laid towards the weſt became the north pole, 
and the other end the ſouth pole. 


If a needle or bar, already magnetic, or a 
real magnet, was ſtruck in any direction, its 
power was always diminiſhed. . For this 
experiment, they tried conſiderably large 
bars; one being 7,08 inches long, 0,26 
broad, and 0,05 thick. 


When the ſhock was fo ſtrong, in pro- 
portion to the ſize of the needle, as to render 
it hot, then the needle generally acquired no. 
magnetiſm at all, or very little. 

The 
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The experiments laſtly tried with this 
very powerful battery were concerning the 
calcination of metallic ſubſtances, and the 
revivification of their calces. It appears 
that the electric ſhock produced both theſe 
apparently oy pon 6 effects. ea 


The metallic calces uled in thoſe expe- 
riments were of the pureſt ſort; they were 
confined between glaſſes, whilſt the ſhock 
was paſſed over them. By this means the 
calces were ſo far revivified as to exhibit 
ſeveral grains of the metal, large enough to 
be diſcerned by the naked eye, and to be 
eaſily ſeparated from the reſt. 


As to the calcination of metals, whenever 
a ſhock wds employed much greater than 
that which was neceſſary to fuſe the metal, 
part of the metal was calcined, and diſperſed 
into ſmoke. It is remarkable, that this cal- 
cination or ſmoke generally produced ſeveral 
filaments, of various lengths and thickneſſes, 
which ſwam in the air. It was farther ob- 
ſerved, that thoſe flying filaments of metallic 
calx, if a Conductor was preſented to them, 
were ſoon attracted by it; but after the 
_ firſt 
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firſt contact they were inſtantly repelled, 
and generally broke into diverſe parts. 


Thus far of this extraordinary machine, 
to which I ſhall only add a wiſh, that ma- 
chines ſtill larger may be attempted by the 
opulent and the ingenious ; for ſince this 
powerful machine has ſhewn ſeveral parti- 
culars both new and intereſting, it is very 
probable . that larger machines and farther 
experiments will diſcover more of the hid- 
den ſecrets of nature. 


N' VII. 
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OF THE ELECTRIC PROPERTIES OF THE 
TORPEDO, GYMNOTUS ELECTRICUS, 
AND SILURUS ELECTRICUS$., 


HE electric power, by the ancients 

1 obſerved only in amber, and perhaps 
in the tourmalin, was in proceſs of time 
found to be produced by glaſs, ſulphur, re- 
fins, filk, and diverſe other bodies. It has 
been within theſe forty years that its great 
influence has been diſcovered in the atmo- 
ſphere ; and not yet fifteen years ſince that 
power has been obſerved even in the ani- 
mal kingdom. Three fiſhes have hitherto 
been diſcovered to have the ſingular property 
of giving ſhocks analogous to thoſe of artiſi- 
cial Electricity, namely, the torpedo, the 
- gymnotus electricus, and the Alurus elefFri- 
cus. | 


: The ancients indeed were conmaintes 
with this wonderful property of the firſt, and 
probably 


b 
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probably of the laſt of thoſe animals, and it 
was from the property of giving that ſhock, 
benumbing ſenſation, or rorpor, that they 
called the firſt rarpedo; but they were ut- 
terly ignorant of the cauſe of it. Two diſ- 
tinguiſhed writers of the laſt century endea» 
'voured to explain this property upon mecha- 
nical laws, but their ingenuity was inſuffi- 
cient to anſwer for the phenomenon. 

The principal diſcoveries, relating to the 
identity of the above- mentioned property 
of thoſe fiſhes and the electric ſhock, were 
made by Jon WArsR, Eſq. F. R. 8. to 
whoſe" ingenuity we are indebted for the 
demonſtration of the power of the torpedo 
agreeing with the electric ſhock in all the 
points of compariſon in which it could be 
examined; and alſo for almoſt all the other 
diſcoveries which were ſince made relating 


to > animal 1 


The thee n which; whilſt alive, are 
poſſeſſed of an electric power, are belonging 
to three different orders of fiſh; and the few 
particulars, - Which they ſeem to have in 


common, are the power of giving the ſhock; 
VIU 5 1 
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an organ in their body, now called the electric 
organ, which is employed by the animals for 
the exertion of that power; a ſmooth ſkin 
-without ſcales; and ſome ſpots here and 
there on the ſurface of their bodies. 


The torpedo, which belongs to the order 
of rays, is a flat fiſh, very ſeldom twenty 
inches in length, weighing not above a few 
pounds when full grown, and pretty com- 
mon in various parts of the ſea- coaſt of Eu- 
rope. The electric organs of this animal 
are two in number, and placed one on each 
ſide of the cranium and gills, reaching from 
thence to the ſemicircular cartilages of each 
great fin, and extending longitudinally from 
the anterior extremity of the animal to the 
tranſverſe cartilage which divides the thorax 
from the abdomen. In thoſe places they 
fill up the whole thickneſs of the animal 
from the lower to the upper ſurface, and are 
covered by the common ſkin of the body, 
under which, however, are two thin mem- 
branes or faſciæ. The length of each organ 
is ſomewhat leſs than one third part of the 
length of the whole animal. Each organ 
conliſts of perpendicular columns, reaching 
Vor. II. U from 
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from the under to the upper ſurface of the 
body, and varying in length accordiog to the 
various thickneſs of the fiſh in various parts. 
The number of thoſe columns is not con- 
ſtant, being not only different in different 
torpedos, but likewiſe in different ages of 
"the animal, new ones ſeeming to be pro- 
duced as the animal grows. In a very large 
totpedo one electric organ was found to 
conſiſt of 1182 columns. The greateſt 
number of thoſe columns are either irregular 
hexagons, or irregular pentagons, but their 
figure is far from being conſtant. Their di- 
ameters are generally one fifth part of an 
inch. © Their coats are very thin, and ſeem 
tranſparent,// cloſely connected with each 
other, having a kind of looſe net-work of 
tendinous fibres paſſing tranſverſely and ob- 
liquely between the columns, and uniting 
them more firmly together: theſe are moſt - 
ly obſervable where the large trunks of the 
nerves paſa. The columns are alſo attached 
by ſtrong inelaſtic fibres, paſſing directly 
from the one to the other.” 


% Rach column is divided by horizontal 


partitions, placed over each other at very 
{mall 


„„ , oc... 
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fmall diſtances, and forming numerous in- 


terſtices, which appear to contain a fluid. 


Theſe partitions conſiſt of a very thin mem- 
brane, conſiderably tranſparent. Their 
edges appear to be attached to one another, 
and the whole is attached by a fine cellular 


membrane to the inſide of the columns. 


They are not totally detached from one ano- 
ther: I have found them adhering at dif- 
ferent places, by blood-veſlels paſſing from 
one to another.“ 


* The number of partitions contained 
in a column of one inch in length, of a tor- 
pedo which had been preſerved in proof ſpi- 
rit, appeared, upon a careful examination, to 
be one hundred and fifty : and this number, 
in a given length of column, appears to be 
common to all ſizes in the fame ſtate of hu- 
midity, for by drying they may be greatly 
altered; whence it appears probable that 
the increaſe in the length of the column, dur- 
ing the growth of the animal, does not en- 


large the diſtance between each partition in 


proportion to that growth; but that new 
partitions are formed, and added to the ex- 


tremity of the column from the i. 
U 2 „ 
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The partitions are very vaſcular ; the 
arteries are branches from the veins of the 
gills, which convey the blood that has re- 
ceived the influence of reſpiration. They 
paſs along with the nerves to the electric 

organ, and enter with them; then they ra- 
mify in every direction, into innumerable 
ſmall branches upon the ſides of the co- 
lumns, ſending in from the circumference 
all around, upon each partition, ſmall arte- 
ries, which ramify and anaſtomoſe upon it ; 
and paſſing alſo from one partition to ano- 


ther, anaſtomoſe with the veſſels of the ad- 


Jacent partitions,” 


« The veins of the electric organ paſs out 
| cloſe to the nerves, and run between the 
gills, to the auricle of the heart.” 


«« The nerves inſerted into each electric 
organ ariſe by three very large trunks from 
the lateral and poſterior part of the brain. 
The firſt of theſe, in its paſſage outwards, 
turns round a cartilage of the cranium, and 
ſends a few branches to the firſt gill, and to 
the anterior part of the head, and then paſſes 
into the organ towards its anterior extre- 


mity. 


i 
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mity. The ſecond trunk enters the gills 
between the firſt and ſecond opening, and, 
after furniſhing it with ſtnall branches, paſ- 
ſes into the organ near its middle. The 
third trunk, after leaving the ſkull, divides 
itſelf into two branches, which paſs to the 
electric organ through the gills ; one be- 
tween the ſecond and third openings, the 
other between the third and fourth, giving 
ſmall branches to the gill itſelf, The nerves 
having entered the organs, ramify in every 
direction, between the columns, and ſend 
in ſmall branches upon each partition, where 
they are loſt,” 


The magnitude and the number of the 
nerves beſtowed on theſe organs, in propor- 
tion to their ſize, muſt on reflection appear 
as extraordinary as the phenomena they af- 
ford. Nerves are given to parts either for 
ſenſation or for action. Now if we except 
the more important ſenſes of ſeeing, hearing, 
ſmelling, and taſting, which do not belong 
to the electric organs, there is no part, even 
of the moſt perfect animal, which, in pro- 
portion to its ſize, is ſo liberally ſupplied 
with nerves; nor do the nerves ſeem neceſ- 


U 3 ſary 


* 
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fary for any ſenſation which can be ſuppoſed 

to belong to the electric organs: and, with 
reſpe& to action, there is no part of any ani- 
mal, with which I am acquainted, however 
ſtrong and conſtant its natural actions may 
be, which has ſo great a proportion of 
nerves . 


Thus far with the anatomical deſcription 
of the animal ; we ſhall now proceed to de- 
ſcribe its wonderful electric properties. 


The above-deſcribed electrie organs ſeem 
to be the only parts employed to produce 
the ſhock ; the reſt of the animal appearing 
to be only the Conductor of that ſhock, as 
parts adjacent to the electric organs; and in 
fact, by artificial Electricity, it has been 
found that the animal is a Conductor of the 
electric fluid. The two great lateral fins 
which bound the electric organs Inneradly, 
are the beſt Conductors. 


If the torpedo, hüt ſtanding in water 
or out of the water, but not inſulated, be 


Mr. HunTzr's anatomical obſervations on the 
torpedo, Phil. Tranf, vol. LXIII. 
touched 
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touched with one hand, it generally com- 
municates a trembling motion or; ſlight 
ſhock to the hand, but-this ſenſation is only 
felt in the fingers of that hand, If the tor- 
pedo be touched with both hands at the 
ſame time, one hand being applied to its 
under, and the other to its upper ſut face, a 
ſhock in that caſe will be received, which is 
exactly like that occafioned by the Leyden 
phial. When the hands touch: the fiſh on 
the oppoſite ſurfaces, and juſt over the elec- 
tric organs, then the ſhock is the ſtrongeſt; 
but if the hands are placed in other parts of 
the oppoſite ſurfaces; the ſhocks are forne= 
what weaker, and ho ſhock at all is felt 
when. the hands are both placed upon the 
electric organs of the ſame ſurface z which 


ſhews that the upper and lower ſurfaces of 


the electric organs are in oppolite ſtates of 
Electricity, anſwering to the p/us and minus 
fides of a Leyden phial. When the fith is 
touched by both hands on the ſame ſurface, 
and the hands are not placed exactiy on the 
electrie organs, a ſhock though weak is till 
received, but in that cafe the oppoſite power 
of the other ſurface of the animal ſeems to 
bo: L over the ſkin. 


v4 The 
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The ſhock given by the torpedo when 
in air is about four times as ſtrong as when 
in water; and when the animal is touched 
on both ſurfaces by the ſame hand, the 
thumb being applied to one ſurface, and the 
middle finger to the oppoſite ſurface, the 
ſhock is felt much ſtronger than when the 
Circuit is formed by both hands. Some- 
times the torpedo gives the ſhocks ſo quick- 
ly one after the other, as ſcarcely to elapſe 
two ſeconds between them; and when, in- 
ſtead of a ſtrong determined ſtroke, it com- 
municates only a forpor, that ſenſation is 
juſtly attributed to the ſucceſſive and quick 
diſcharge of many conſecutive ſmall ſhocks. 
It 'is very fingular, that the torpedo, even 
when inſulated, ſhould be capable of giving 
a great many ſhocks to perſons likewiſe in- 
ſulated, | 


This power of the torpedo is conducted 
by the fame ſubſtances which conduct 
Electricity, and is interrupted by the ſame 
ſubſtances which are not Conductors of 
Electricity : hence if the animal, inſtead of 
being touched immediately with the hands, 
be touched by non- electrics, as wires, two 

wet 
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wet cords, or other Conductors of Elec- 
tricity, held in the hands of the experi- 
menter, the ſhock will alſo be communicat- 
ed through them. The circuit may alſo be 
formed by ſeveral perſons joining hands, and 
the ſhock will be felt by them all at the 
ſame time. When the animal is in water, 
if the hands are put in the water, a ſhock 
will alſo be felt, which will be ſtronger if 
one of the hands be brought quite into con- 
tact with the fiſh, whilſt the other hand is 
kept in the water at a diſtance from it, In 
ſhort, the ſhock of this animal is conducted 
by the ſame Conductors which conduct 
that of a Leyden phial. This ſhock of the 
torpedo may be alſo conducted by ſeveral 
circuits at once, and the circuit may be con- 
ſiderably extended; but the ſhock is always 
weakened by lengthening or multiplying the 
circuit, | 


The ſhock of the torpedo: cannot "paſs 
through the leaſt interruption of continuity 
in the Conductors which form the circuit; 
ſo that it will not be conducted by a chain, 
nor will it paſs through the air from one 
Conductor to the other, when the diſtance 
between 
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between them is leſs than the two hundredth 
part of an inch; conſequently no PE 
ever been obſerved to o——— it. 


No electric attraction or repulſion nes 
be ever obſerved to be produced by the tor- 
pedo, nor, indeed, by any of the electric 
fiſhes ; though ſeveral experiments haye 
been purpoſely made with them. F 


Theſe ſhoeks of the torpedo ſcem to de- 
pend on the will of the animal ; for each ef- 
fort is accompanied with a depreſſion of his 
eyes, by which even his attempts to give it 
to non-conduftors may be obſerved, It is 
not known whether both electric organs 
muſt always act together, or only one of 
them may be FN put in action by 
the will of the animal. 


All theſe effects of the We may be 
imitated by means of a large electric bat- 
tery weakly charged, and furniſhed with 
Mr. LAxNx's electrometer, the balls of 
which maſt be put exceedingly near, or 
almoſt in cntact with each other. But the 
properties of the gytmnotus electrious, which 
we are * next, will throw 
| | more 
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more light on thoſe of the torpedo, and will 
ſhew much more evidently their analogy 
with the power of the electric fluid diſperſed 
through a vaſt ſurface of coated electric ſub- 
ſtance. © But,” ſays Mr. Wars, * after 
« the diſcovery that a large area of rare 
« Electricity would imitate the effect of 
4 the torpedo, it may be inquired, where 
« is this large area to be found in the animal? 
« we here approach to that veil of nature, 
« which man cannot remove. This, how- 
* ever, we know, that from infinitedivifion 
« of parts infinite ſurface may ariſe, and 
even our groſs optics tell us, that thoſe 
« fingular organs, fo often mentioned, con- 
« ſit, like our electric batteries, of many 
«« veſſels, call them cylinders or hexagonal 
« priſms, whoſe ſuperficies taken together 
« farniſh a conſiderable area .“ 


The gymnotus electricus 7000 been fre- 
quently called eſgctrical eel, on account of its 
ſuperficial reſemblance to the common eel ; 
though, when accurately examined, it is 
found to have none of the ſpecific properties 
of that animal; The gymnotus is 1 


®* Phil, Trans. vol. HAUL, p. 476. 


pretty 
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pretty frequently in the great rivers of South 
America. Its uſual length is about three 
feet; but it has been ſaid that ſome of them 
have been ſeen ſo large, as to be able to ſtrike 
a man dead with the ſhock of their electric 
organs. A few of theſe animals were 
brought to England about ten years ago, 
which, as far as I know, were the firſt of 
the kind brought to Europe. They had 
been catched in Surinam river, a great way 
above where the ſalt- water reaches. It was 
with thoſe identical fiſhes that Mr. Warsn 
made many diſcoveries relating to their elec- 
trical properties, and the experiments which 
ſhew thoſe properties were publicly exhi- 
bited in London, during ſeveral months. 


The ſubject of Animal Electricity was 
conſiderably advanced by the diſcovery of the 
ſpark, with which the ſhock of the gymno- 
tus was attended; for, notwithſtanding the 
previous diſcoveries relating to the torpedo, 
and the actual poſſibility of imitating the 
effects of that animal's extraordinary power 
by means of a large battery weakly charged 
with artificial Electricity, yet the ſcrupu- 
lous philoſophers ſtill ſuſpected that the pow- 
er of the torpedo might be ſomething differ- 

ent 
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ent from Electricity, ſince the two princi- 
pal characteriſtics of Electricity, namely the 
ſpark and the attraction, had never been diſ- 
covered in the torpedo; and at the ſame time 
it was difficult to conceive the manner in 
which the electric fluid might be generated, 
accumulated, and diſcharged in an animal, 
which, at leaſt in its uſual ſtate of exiſtence, 
is a Conductor of Electricity, and is ſur- 
rounded by a fluid which is likewiſe a Con- 
ductor of that power. This indeed ſtill re- 
mains a profound ſecret; and it is difficult 
to ſay, whether any future experiments will 
ever diſcloſe it. But the ſpark having been 
diſcovered with the gymnotus, the analogy 
between its power and Electricity is ren- 
dered conſiderably more evident, and it 
would be ſcepticiſm to doubt, of the pro- 
perty of the torpedo being derived from the 
fame cauſe as that of the gymnotus. 


In order to proceed regularly, I ſhall now 
begin with the deſcription of the animal, 
and ſhall then enumerate its electrie proper- 
ties, in a very conciſe manner. 


A gymnotus of three 1 length, is gene- 
rally 


————— — 
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rally between ten and fourteen inches in 
circumference, about the thickeſt part of its 
body. The electric power of this animal 
being much greater than that of the torpedo, 
its electric organs are accordingly a great 
deal larger, and indeed that part of its body 
which contains moſt of the animal parts, or 
the parts common to the ſame order of 


fiſhes, is conſiderably ſmaller than that 


which is ſubſervient to the electric power; 
though the latter muſt naturally derive 
nouriſhment and action from the former. 


The head of the animal is large, broad, 
flat, ſmooth, and impreſſed with various 
ſmall holes. The mouth is rather large, 
but the jaws have no teeth, ſo that the ani- 
mal lives by ſuction, or by ſwallowing the 
food entire. The eyes are ſmall, flattiſh, 


and of a bluiſh colour, placed a little way 


behind the noſtrils. The body is large, 
thick, and roundiſh for a confiderable diſ- 
tance from the head, and then diminiſhes 
gradually. The whole body, from a few 


inches below the head, is diftinguiſhed into 


four longitudinal. parts, clearly divided from 


each other by lines. The carina begins a 
| few 
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few inches helow the head, and widening as 
it proceeds, reaches as far as the tail, where 
it is thinneſt. It has two pectoral fins, and 
the anus is ſituated on the under part, more 
forward than thoſe fins, and of courſe not 
far diſtant en the n 


This —— 1 two pair al electric or- 
gans, one Pair being latger than the other, 
and occupying woſt of the longitudinal parts 
of the body, They are divided from each 
other by peculiar membranes. © The 
ſtructute of theſe organs 1s extremely ſimple 
and regular, conſiſting of two parts, -v7z, 
flat partitions or ſepta, and croſs diviſions 
between them. The outer edges of theſe 
ſepta appear externally in parallel lines near - 
ly in the direction. of the longitudinal axis 
of the body. Theſe {pa are thin 'mem- 
branes placed nearly parallel to one another: 
their lengths are nearly in the direction of 
the long axis, and their breadth is nearly the 
ſemidiameter of the body of the animal. 
They are of different lengths, ſome being as 
long as the whole organ. I hall deſcribe 
them as beginning principally at the anterior 
end of the organ, although a few begin 

5 along 


along the upper edge; aud the whole, paſſing 
towards the tail, gradually terminate on the 
lower ſurface of the organ, the lowermoſt 
at their origin terminating ſooneſt, Their 
dreadths differ in different parts of the organ. 
They are in general broadeſt near the ante- 
rior end, anſwering to the thickeſt part of 
the organ, and become gradually narrower 
towards the tail; however, they are very 
narrow at their beginnings or anterior ends. 
Thoſe neareſt to the muſcles of the back are 
the broadeſt, owing to their curved or ob- 
lique ſituations upon theſe muſcles, and 


grow gradually narrower towards the lower 


parts; which is in a great meaſure owing to 
their becoming more tranſverſe, and alſo to 
the organ becoming thinner at that place. 
They have an outer and an inner edge: the 
outer is attached to the ſkin of the animal, 
to the lateral muſcles of the fin, and to the 
membrane which divides the great organ 
from the ſmall ; and the whole of their inner 
edges are fixed to the middle partition, to 
the air bladder, and three or four terminate 
on that ſurface which incloſes the muſcles of 
the back. Theſe /ep/a are at the greateſt 


diſtance from one another at their exterior 
2 edges 
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edges, near the ſſcin, to which they are unit- 
ed; and as they paſs from the ſkin towards 
their inner attachments they approach one 
another : ſometimes we find two uniting 
in one. On that fide next to the muſcles 
of the back they are hollow from edge to 
edge, anſwering to the ſhape of thoſe muſ- 
cles, but become leſs and leſs ſo towards 
the middle of the organ; and from that to- 
wards the lower part of the organ they be- 
come curved in the other direction. At 
the anterior part of the large organ, where it 
is nearly of an equal breadth, they run pret- 
ty parallel to one another, and alſo pretty 
ſtraight ; but where the organ becomes nar- 
rower, it may be obſerved in ſome places 
that two join or unite into one, eſpecially 
where a nerve paſſes acroſs. The termina- 
tion of this organ at the tail is ſo very ſmall, 
that I could not determine whether it con- 
fiſted of one /ep/um or more. The diſtances be- 
tween theſe ſepta will differ in fiſhes of dif- 
ferent ſizes. In a fiſh of two feet four 
inches in length I-found them of an inch 
diſtant from one another, and the breadth of 
the whole organ, at the broadeſt part, about 
an inch and a quarter, in which ſpace were 

Vor. II. X 34 /eþpta. 
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34 ſepta. The ſmall organ has the fame 
kind of ſepta, in length paffing from end 
to end of the organ, and in breadth paſſing 
quite acroſs, they run ſomewhat ſerpentine, 
not exactly in ſtraight lines. Their outer 
edges terminate on the outer ſurface of the 
organ, which is in contact with the inner 
ſurface of the external muſcle of the ſin, and 
their inner edges are in contact with the 
centre muſcles. They differ very much in 
breadth from one another; the broadeſt be- 
ing equal to one ſide of the triangle, and the 
narroweſt ſcarcely broader than the point or 
edge. They are pretty nearly at equal diſ- 
tances from one another; but much nearer 
than thoſe of the large organ, being only 
bout , part of an inch aſunder: but they 
are at a greater diſtance from one another 
towards the tail, in proportion to the increaſe 
of breadth of the organ, The organ is about 
half an inch in breadth, and has fourteen 
fepta : thefe ſepta, in both organs, are 
very tender in conſiſtence, being eaſily torn; 
they appear to anſwer the ſame purpoſe 
with the columns in the Zorpedo, making 
walls or butments for the ſubdivifions, and 
are to be conſidered as making fo many diſ- 
e | tin&t 
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tin& organs. Theſe /epra are interſected 
tranſverſely by very thin plates or mem 
branes, whoſe breadth is the diſtance between 
any two ſepta, and therefore of different 
breadths in different parts; broadeſt at that 
edge which is next to the ſkin, narroweſt 
at that next to the centre of the body, or to 
the middle partition which divides the two 
organs from one another. Their lengths 
are equal to the breadths of the /epta be- 
tween which they are ſituated: there is a 
regular ſeries of them continued from one 
end of any two ſepta to the other; they 
appear to be ſo cloſe as even to touch. In 
an inch in length there are about 240, 
which multiplies the ſurface i in the whole 
to a vaſt extent “.“ : {in 

The nerves which 90 to the electric or- 
gans of the gymnotus, as well as of the tor- 
pedo, are much larger than thoſe which 
ſupply any other part of the body. The 
electric organs of the gymnotus are ſupplied 
with nerves from the ſpinal marrow, and 


Mr. HuxTzr's account of the Gymnotus EleQri- 
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that ſometimes he gives-very ſtrong ſhocks, 


der come out in pairs between the vertebræ 


a of the ſpine. 


The gymnotus poſſeſſes all the eleQric 
properties of the torpedo, but in a ſuperior 
degree, His ſhock is conducted by the 
Conductors of Electricity, and interrupted 
by the non- conductors of the electric fluid. 
Hence the ſhock is communicated through 
water, without the immediate contact of the 
animal, or through any other proper circuit; 
but the ſtronger ſhock is received by touch- 
ing the animal when out of the water; and 
the beſt way to receive ſtrong ſhocks, is to 
apply one, hand towards the tail, and the 
other towards the head of the animal. In 
this manner I have often received ſhocks, 
which I felt not only in my arms, but 
even very forcibly in my breaſt, If the 
animal be touched only with one hand, then 


a kind of tremor is felt only in that hand, 


which though ſtronger, is quite analogous 
to the ſenſation communicated by the \for- 
pedo when touched in the like manner. 
The gymnotus's power of giving ſhocks is 
alſo depending on the will of the animal, fo * 


and 
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and at other times very weak ones, but he 
gives the ſtrongeſt ſhocks when provoked by 
being frequently and roughly touched, 


When ſmall fiſhes are put into the water 
wherein the gymnotus is kept, they are ge- 
nerally ſtunned or killed by a ſhock, and 
then they are ſwallowed, if the animal is 
hungry. The fiſhes which are ſtunned by 
the gymnotus may often be recovered by 
being ſpeedily removed into another veſſel 
of water. 


The ſtrongeſt ſhocks of the gymnotus 
will paſs a very ſhort interruption of conti- 
nuity in the circuit. Thus they will be 
conducted by a chain, eſpecially when it is 
not very long, and is ſtretched, ſo as to bring 
its links into better contact. When the 
interruption is formed by the inciſion made 
by a pen-knife on a ſlip of tin-foil that is 
paſted on glaſs, and that ſlip is put into the 
circuit, the ſhock in paſſing through that 
interruption will ſhew a ſmall but vivid 
ſpark, plainly diſtinguiſhable in a dark 
room, | 


X 3 Mr. 
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Mr. Wars made another remarkable 
diſcovery with the gymnotus, which he 
ſhewed at his houſe to various ingenious per- 
ſons : it was a new fort of ſenſe in the ani- 
mal, by which he knew when the bodies 
which came near him were ſuch ,as could 
receive the ſhock, (viz. Conductors) and 
when they were of the contrary nature; in 
the former of which caſes the animal gave 
the ſhock, but not in the latter. In order 
to ſhew this wonderful property, divers ex- 
periments were made, but the moſt convinc- 
ing one was the following :—the extremities 
of two wires were dipped into the water of the 
veſſel wherein the animal was kept, thenthey 
were bent, and extended a great way, and 
laſtly terminated in two ſeparate glaſſes full of 
water. Theſe wires being ſupparted by 
non-conductors at a conſiderable diſtance 
from each other, it is plain that the circuit 
was not complete; but if a perfon put the 
fingers of both his hands into- the glaſſes 
wherein the wires terminated, vix. thoſe of 
one hand into one, and thoſe of the other 
hand into the other glaſs, then the circuit 
was complete. Now it was conſtantly ob- 
ſeryed, that whilſt the above-deſcribed cir- 

"I cult 
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cuit remained interrupted, the animal never 
went purpoſely near the extremities of the 
wires, as he uſed to do when willing to give 
the ſhock : but the moment that the cir- 
cuit was completed, either by a perſon or any 
- other Conductor, the animal immediately 
went towards the wires, and gave the ſhock; 
though the completion of the circuit was 
performed quite out of his ſight. 


Several other particulars, not only concur- 
ring to prove the above-mentioned property, 
but otherwiſe intereſting, were aſcertained by 
Mr. WarLsn ; but for theſe we muſt wait 
till that ingenious gentleman will favour 
the public with a particular account of his 
reſearches. 


The third fiſh which is known to have 
the power of giving the ſhock, is found in 
the rivers of Africa, but we have a very 
imperfect account of its properties *. 


* Meſſrs. Ap AxsON and ForsKAL make a ſhort 
mention of it, and Mr. BRousse nr deſcribes it, un- 
der the French name of l Trembleur, in the Hiſt. de 
FAcademie Royale des Sciences, for the year 1782. 
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This animal belongs to the order which 
the naturaliſts call Alurus; hence it is com- 
monly called /ilurus electricus. Some of 
thoſe fiſhes have been ſeen even above twen- 
ty inches long. 


The body of the ſilurus electricus is ob- 
long, ſmooth, and without ſcales; being ra- 
ther large, and flattened towards its anterior 
part. The eyes are of a middle ſize, and are 
covered by the ſkin, which envelopes the 
whole head, Each jaw is armed with a 
great number of ſmall teeth. About the 
mouth it has ſix filamentous appendices, vix. 
four from the under lip, and two from the 
upper ; the two external ones, or farthermoſt 
from the mouth on the under lip, are the 
longeſt. The colour of the body is greyiſh, ' 
and towards the tail it has ſome blackiſh 


ſpots, 


The electric organ ſeems to be towards 
the tail, where the ſkin is thicker than on 
the reſt of the body, and a whitiſh fibrous 
ſubſtance, which is probably the electric or- 
gan, has been diſtinguiſhed under it. 


3 It 
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It is ſaid that the filurus electricus has 
the property of giving a ſhock or benumb- 
ing ſenſation like the torpedo, and that this 
ſhock is communicated through ſubſtances 
that are conductors of Electricity; but no 
other particular about it is known with any 
conſiderable degree of certainty. 


An inquiſitive mind will immediately 
enquire, for what purpoſe has nature fur- 
niſhed thoſe animals with fo ſingular a pro- 
perty, But the preſent knowledge of the 
ſubject ſeems to furniſh no other anſwer, 
except, that they are endowed with the 
power of giving the ſhock for the ſake of 
ſecuring their prey, by which they muſt 
ſubſiſt, and perhaps of repelling larger ani- 
mals, which might otherwiſe annoy them. 


The ancients conſidered the ſhocks given 
by the torpedo as capable of curing various 
diſorders ; and a modern philoſopher will 
hardly heſitate to believe their aſſertions, 
after that Electricity has been found to be 
a remedy for many diſeaſes. 


THE 
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A. 


Arscts885 elearified, II. 153. 


Aues electriſied, II. 155. 
Air, generally electrified, 72; is diſplaced and rareſied 


by a ſhock, 274; to charge a plate of, 285; When 


hot becomes a conductor, 324; how electrified, 326; 
effects produced by ſparks in it, II. 281. 

Air. pump, uſed for electrical experiments, 237, 238, 
241 ; the patent one recommended, 243. 

Alkaline air, effects produced by the electric ſparks in 
it, II. 281. 

Amalgam for the excitation of glaſs, 142. 

Animal electricity, II. 287. 

Animals electrified, 43, 44, 47+ 

Apparatus, electrical, in general, 134. 

Atmoſphere, electrical, 209, 212, 215, 217 ; rendered 
viſible, 241. 

Atmoſpherical electricity, 71, II. 37; electrometer, II. 
40, 42, 269. 

Attraction, electrical, 2, 16 ; between bodies poſſeſſed of 
different electrieities, 43, 195, 199 z explained, 1093 
ſhewn by experiments, 190, 333; in vacuo, 196. II. 

92, 95 3 exerted to a great diſtance, II. 275; not 
obſervable with the electric fiſhes, II. 298. 

Aurora borealis, ſuppoſed to be an electrical phenomenon, 
75; when ſtrong it has been known to have diſturbed 
the magnetic needle, 75; imitated, 238 ; does not 
ſeem to influence the electricity of an ical kite, 


II. 38. | 
B. Baked 


1 


IN D. 


Baked wed, in what manner it muſt be prepared for the 
conſtruction of inſulating ſtands, 179. 


- Ball of fire obſerved once in a charged jar, II. 225. 

Balls, dancing, 346 ; of glaſs charged and ſealed, 357. 

Battery, electrical, 60; what ſort of glaſs is beſt for it» 
147; deſcribed, 175 ; ſeveral ſmall ones preferable to 
a large one, 1783 experiments with it, 308, II. 282 3 
precautions in the management of it, 308. 

Bells, electriſied, 338. 

Bladder, eleArified, experiment with it, 299. 

Black ſpecks, contracted by the glaſs cylinder of an 
electrical machine, 185. 

Bolonian ſtone, artificial, how made, 231. 

Buildings, conduQtors to defend them from lightning, 
813; ſome ſtruck by the lightning, though furniſhed 
with ſharp terminated conductors, 81. 


C. 


c_ _— revivihed by means of Electricity, 65. 

285. 

Calcination of metals effected by Electrieity, II. 285. 

Cancers electrified, II. 152. 

Candle lighted by means of an electric ſhock, 278. 

Capacity of conductors, II. 244 ; of the Leyden phial, II. 
257. 

Cards pierced by a ſhock, 263; effect of the ſhock ſent 

over them, 265; illuminated by a ſhock, 266. 

Cat, its Electricity, II. 66. 

Cement for elegrical purpoſes, deſcribed, 137. 

Chair, inſulated, II. 137. 

| Charcal, its properties reſpecting Electricity, 13. 

Charge of an electric jar does not reſide in the coating, 

252; does not expel any of the air contained in the 

jar, 254- 

Charged 
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Charged eleArics, when very thin, are eaſily broken by 
ſpontancous diſcharges, 56; are not required to be 
of any particular ſhape, 56 ; their charge ſilently 
diſſipated, 58, 59; in what part the charge reſides, 
356 ; Mr. Canton's, 357; one of their ſides may 
contain a little more Electricity than the other, 358. 

Charging of electrics, what, 52, 55 ; firſt obſerved, 56. 


. Chocolate, excited by cooling after having been melted, - 
26. 


Circuit between the fides of an ele&ric jar, or coated 
electric, 61; its length weakens the power of the 


ſhock, 187. 
Clay fwelled by a ſhock, 269. 
Claudi generally electrified, 72, 74; often influence the 
Electricity of an electrical kite, II. 7 
Caated electrics, 53, 147, 150; how coated, 148, 291. 


Colours, priſmatic, marked by means of Electricity, 312, 
3173 experiments on them, II. 59. 


Combuſtion of coals generates Electricity, II. 268. 
Communication with the earth, neceſſary for the rubber, 


4. 

Condenſer of Electricity, what, II. 

Cunduc tor, prime, deſcribed, &c. 144. 

Canductars, what, 3, 5, 98, 123; lift of, 10; for the 
lightning, 78, 79; of what form are reckoned tbe 
beſt for the lightning, 81. II. 207, 223; in what 
manner their power may be aſcertained, 192, 311; 
their capacity, II. 244; conjugate, what, II. 245. 

Conjugate conductors, what, II. 245. | 

Contrattion, muſcular, cured by means of Electricity, II. 
171. 

Cooling electriſies certain ſubſtances, 24. 

Cor is for electric jars ſhould be varniſhed, F.. 

Cork-ball electrometer deſcribed, 169. 

Cotton electriſied, experiment with it, 297. 

Catrſe of, the electric fluid, 257, 332; ſhewn by means of 
the flame of a wax-taper, 257; ſhewn by means of a 


pith-bal!, 
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pith-ball, 259; ſhewn by means of the Leyden va- 
cuum, 261 ; ſhewn by means of a card, 268; ſhewn 
by means of the ſpontaneous diſcharge, 270. 


Cryſtallization of oil of tartar effected by means of 
Electricity, 354. 


Cup and chain, experiment of, 331. 


Cylinder, a very good form for the electric of a machine, 
1373 medicated, II. 106. 


D. 


Dance, St. Vitus's, cured by means of Electricity, II. 
151, 177, 182. | | 

Deafneſs electrified, II. 146. | 

Dephlogiflicated air, effects of the electrie ſparks on it, II. 
279- 

Direction of the paſſage of the eleQric fluid, 18; - ſhewn 
by the diſcharge. of a jar, 256. 

Directors, what, II. 122; 125, 131. 

Diſcharger, univerſal, deſcribed, 174. 

Diſcharging of charged electrics, 58 ; their ſpark is ſhort. 
in proportion to that of an electriſied conductor, 5g z 

is performed inſtantaneouſly, o; not affected by the 

1418 in the circuit, 61, weakened by the length 


of the circuit, 61; in water, 62 ; through ſeveral 
circuits at the ſame time, 247. 


Diſcharging electrometer, 171. 
Diſcharging rod, what, 151; deſcribed, 177. 
Dropſy, electrified, II. 154. 


E. 


Earthquake, attributed to Electricity, 75 ; repreſentation 
of, 267, 318. N 


Efferveſcences generate Electricity, II. 268. 


Effluvia of burning bodies, an inſtrument to try their 
conducting power, II. 88. 


Flaſlic fluids, effects of the ſparks taken in them, II. 258. 
| | EleTric 


. a 


Electric appearances, what, 2. 
Electric fluid, fee Fluid. 
Elkaric, for a machine, was formerly uſed of different 


ſubſtances and forms, 1 30; which is beſt 137; it 
ſhould turn round about fix times in a ſecond, 141. 


Electric ſhock, what, 53. 
Bleftrical machine, ſee Machine ;—air thermometer, ſee 


Ther mometer; —eel, fee Gymnotus 


Electricity, what, 2, 123; of two ſorts 18, 19, 20; vitre- 


. ous, what, 19; reſinous, 20; produced by different 
methods, 24 ; excited by friction, 2, 24 ; excited by 
melting, &c. 24, 25, ; &c. excited by heating and 
cooling, 28 ; acquired by a conductor preſented to an 
eleArified body, 37; how parted amongſt conductors, 
43, 83, 280, 313 ; effects produced when communi- 
cated to animals and other organized bodies, 44. II. 
191; not affected by ignition, 47 z in what manner is 
affected by, or affects magnetiſm, 47, bo. II. 283 ; 
the ſenſation it occaſions on the face, &c. 47 ; is con- 
ducted over the ſurfaces of certain bodies, 54, 319 3 
it meets with ſome obſtruQtion in paſſing through 
conductors, 61; not obſervable within a narrow cavi- 
ty, 131; its quality how aſcertained, 206, 222; vin- 
dicating, what, 360; when very weak how diſcover- 
ed, II. 65, 259, 263, 264. 


Eleckrics, what, 2, 5, 98; per ſe, what, 5; liſt of, 7 how 


affected when preſented to an electrified body, 45, 
o; charged, 52; augmenting their capacity of hold 
ing electric fluid, 108; teſinous, how coated, 2913 
fluid, how coated, 291; become conductors when 


hot, 322, 324, 325- 


Electrometer, what, 152; divers, on a proper ſtand, de- 


ſcribed, 168 ; of cork- balls, how made, 169 qua- 
drant electrometer, 170; diſcharging electrometer, 
171; of cork-balls electrified, 190 ; on the prime 
conductor when diverging moſt, 327; ſtandard of the 
rn electrometer uſed with the electrical kite, 

I. 133 for the atmoſphere, II. 40; for the rain, II. 
75 for the pocket, II. 47 ; improved atmoſpherical, 


79. 
? Electrepborus, 


„ 


3 


Elactrophorus, experiments with it, II. 49. 
Emerald, its electrie properties, 32. 


Engine to move the electric of an electrical machine, 
140. 


Evaporation 3 Electricity, 24, 33. II. 263. 268 ; 


promoted by electrization, 347. 
Ether, what, 121. | | 
Excitation, 2, 9; different methods of, 24. 


Exploſion, lateral, 281 ; of a battery louder in certain cir- 
cumſtances, 320. 


F. 


Fairy circles, 315, 316. | 

Fire, what, 115; produced by Electricity when paſſing 
through bodies that obſtruct its free paſſage, 1193 
St. Anthony's, cured by Electricity, II. 166. 

Fiſtula lacrymalis, cured by Electricity, II. 149, 167, 186. 


Flannel, its electric power, II. 66 ; ſparks drawn through 
it in Medical Electricity, II. x 36. 

Fluid, electric, 106; its nature, 112; is a fluid ſui gene- 
ris, 114; whether it reſembles fire, 116 ; ſuppoſed to 
be a modification of the element of fire, 119 ; yielded 
by bodies abounding with phlogiſton, x20; whether 
it bears any ſimilarity to ether, 121; where reſiding, 
126, 130, 132 ; its chymical action, II. 111. 

Fluids, electrified, 45 ; permanently elaſtic, are conduc- 
tors, 70; permanently elaftic, how affected by elec- 
tric ſparks, II. 2783 of the human body, are better 
con ductors than others, 349. 

Fluxes eleQtrified, II. 158. 


Fly, electrical, deſcribed, 179 ; experiment with it, 296. 
Fljing feather, 196, : 


G. 


Gloſs, its properties reſpecting Elericity, 8, 9, 324. II. 
323 in what manner it may be made rough, 21 ; it 
remains long eleQtrified, 36; tube of, acquires ſucceſ- 

ſi ve zones of poſitive and negative Electricity, 51 ; 
marked 
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marked with priſmatic colours by the electric ſhock, 
63,267; whenthin is apt to be broken by adiſcharge, 
147; 2a fort of, which will not hold a charge, 1493 
lobes and cylinders have ſometimes burſt in whirl- 
ing, 138 ; pillars ought to be varniſhed, 180; metals 
ſtruck into it by means of a ſhock, 279 ; ſtained by 
the ſhock, 280. | 
Gold leaf, melted by a ſpark from a prime conductor, II. 
277. . | 
Gout electrified, II. 155. 
Gun-powder fired by means of Electricity, 277. II. 241, 
X 242, 270. 
Gutta ſerena electriſied, II. 148. 
Gymnotus electricus, its properties, II. 287. 
deſcribed, II. 299, 301. | 


H. 


Hail often electrified, 74. 
Hair, its electricity, II. 65. 
Head-aches electriſied, II. 154. 
Heat pervades ſome bodies eaſier than others, 117. 
Heating of certain ſubſtances produces Electricity, 24, 
29, 32. Mr 

Hypotheſes of Electricity, 106. 


I. 


Far, eleAric, what, 56; it holds a greater charge in con- 
denſed air, 57; a large one is better than many ſmall 
ones, 148; one particularly deſeribed, 175; when hot 
it holds a better charge, 186 caution in diſcharging 
them, 186, 188; often broken by the diſcharge, 186; 
remedy to prevent their breaking, 186; method of re- 
pairing them when cracked, 187; are more eaſily 
broken when any cement is upon them, 188 ; when 
inſulated cannot be charged, 248; charged with its 
own electric fluid, 250; in what manner ſeveral may 
be charged almoſt as eaſily as a ſingle one, 252; the 
air contained init is not expelled by the charge, 2543 

J R Its 


INDE X. 
its capacity. compared to conductors ſimply electri- 
fied, II. 257; diſcharged filently, 294; for the 
pocket, how conſtructed, II. 12. | 5 
Lie, its conducting and non- conducting powers, 10, 11 ; 
Inflammablę air, effects produced by the ſparks taken in 
it, II. 279. = 1 
Inflammation of combuſtible ſubſtances by means of Elec- 
tricity, 228, 230. Il. 276. N 
Inflammations electrifſied, II. 147, 162; pulmonary, 
electriſied, II. 153. . 
Inſtruments electrical, ſor the production of Electricity, 
135; uſed with an electrical kite, II. 11. 
Inſulating ſtands, how conſtrued, 179. 
Inſulation, what, 4. 
Journal of experiments performed with the electrical 
kite, IT, 1 FL performed with the atmoſpherical elec- 
trometer, II, 44. ON 


K. 


Kite, electrical, firſt raiſed by the author, II. a; con- 
ſtruction of, II. 43 precaution in raiſing it, II. 9, 
133 experiments performed with it, II. 15; contri- 
butes little or nothing towards collecting the Elec- 

trieity from the atmoſphere, II. 27; general laws 
deduced from che experiments made with it, II. 37. 


L. 
Lateral exploſion, 282. 28 
Laus of Electricity, | deduced from the experiments 
made with the electrical kite, II. 37; deduced from 
the experiments made with the atmoſpherical elec- 
CEOs. a N 
Loden phial, and Leyden experiment, what, 563 ex- 
periments made with it, 245 ; ſee Jar. 


Leyden vacuum, 261. os | 
Life, animal and vegetable, how affected by Electricity, 


#5 


hne K. 
Light, eleQric, appears of different ſhapes, according to 


the quality of the Electricity, 17 ; experiments upon 


it, 219; has the priſmatic colours, 244 z its pene- 
trability ſhewn, 335, 336. 

Lightning is an electric phenomenon, 72; imitated, 73, 
290 ＋ down, 73; how it happens, 743 its 
peculiar effect on painted maſts, II. 61; conductors 
to defend buildings from it, ſee Conductors. 


Lining of glaſs globes, &c. for an electrical machine, 
138 ; compoſition for it deſcribed, 13g. 

Lumbar abſceſs, electriſied, II. 153. 

Luminous conductor, 234. 

Lungs, diſeaſes of electrified, II. 153. 


M. 


Machine, electrical, what, 3; general conſtruction of, 
135 Dr. Prieftley's, 154 ; plate one, 158. II. 2733 
moſt uſeful one, 160; Mr. Nairne's, 165 ; how pre- 
pared for experiments, 182; acts well in froſty wea- 
ther, 182 ; does not act well in damp or hot weather, 


182, 184, 185 3 a very powerful one for the muſeum. 


ol Zeyler at Harlem, deſcribed, II. 273. 
iſm, whether interfering with Electricit . 
ky Electricity, 66. II. 283. N 
Marine acid air, effects produced by the electric ſparks 
in it, II. 280. 4 | | bs 
Medical Electricity, 86 ; practice of, II. 105; directions 
for the adminiſtration of, II. 115, 189. 
Melting of certain ſubſtances generates Electricity, 24, 
25. 
Menſes, ſuppreſſion of relieved by electrization, II. 156, 
169, 170. | 
a * by Electricity, 310. II. 277; their con- 
ducting power aſcertained, 311, 314; globules of, 
- how made, 314 ; colours marked on them, 317; cal- 
cined by Electricity, II. 285. ; 
Minus Electricity, what, 20, 107. 
Mortar, electric, deſcribed, 273. | 
N. Necalis, 


* 
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N. 


Needles rendered magnetic by means of Electricity, 663 
by the ſtroke of a hammer, 66; often found to be 
magnetic, 66. | 

Negative Electricity, what, 20, 1075; when produced, 
20, 21, 22, 23. 

Nervous head-aches electrified, II. 154. 

* air, effect produced by the electric ſparks in it, 

279 
Non- conductors, what, 4, 5. 
Non-electrics, what, 5. 


O. 


Opacity of the vitreous humour of the eyes, cured 
: means of Electricity, II. 148. 9 7 


Organs, electric, of the torpedo, deſcribed, II. 289 of 
the gymnotus electricus, deſcribed, II. 303; of the 
ſilurus electricus, II. 312. 


P. 


Palſſes eleArified, II. 149. 

Paper torn by a ſhock, 266 ; ſtained by a ſhock, 280. 

Parallel plates deſcribed, 178 ; experiment with, 193. 

Paralyſis eleQrified, II. 183, 193. 

Pencil of electric light, 18, 219. 

Perſpiration promoted by Electricity, 44. 

- Phlogifton, what, 116; is er, the ſubſtance which - 
renders bodies conductors of Electricity, 125. 

Phoſphoric property of various ſubſtances, 231, 234- 

Plate glaſs machine, 158. II. 273. 

Plates of glaſs, coated and charged, 359. 

Plus Electricity, 20, 107. 

Painted body, its properties reſpecting Electricity, 42, 
220, 221, 222, 293. II. 222, 294 3 its property ex- 
plained, 300. II. 2 * its property exemplified, 

2 | 300 ; 


| 
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306 ; great diſtance at which it imbibed the Elec- 
| 1 and appeared luminous, II. 275. 


Pofitive Electricity, 20, 107 3 when produced, 20, 21, 
+223 5 

Powder, gun, fired by means of Electricity, 277. II. 241, 
242, 276, 

Powders, how excited, II, 75, 76. 

Precious ſtones, their electrical properties, 32. 

Pregnant women, caution in electrifying them, II. 1 57.5 

Pulmonary inflainmations electrified, II. 153. 

Pulſation, whether quickened by electrization, 87: II. 


277.7 
Q 
Quadrant electrometer, deſcribed, 170 ; Randard of that 
wee with the electrical kite, IL. 1 13. 


Rain, generally cleQified, 5 72, 74. II. 38, 46. 


Repulſan, electrical, 2, 163 between bodies poſſeſſed of 
the ſame ſort of Electricity, 43, 100 ; ſhewn by ex- 
periments, 190. 


Reſiduum of a charge, its cauſe, 188. 
Reſmous Electricity, what, 20. 
Returning ſtroke, what, II. 221. 
Rheumatiſm eleArified, II. 14 5. 


Rod, infulated metallic , experiment with, 212 ; experi- 
ment with two, 217.” 


Rubber, what, 3.3 how made, 142; the beſt for a tubes 
146; how prepared for action; 183. 


Rules, Practical, 1813 ; uſeful in Medical EleRricic, 
II. 19. 
| s, 
Safetirs 2gainft the lightning, 78, 80, 83, 84. 
Sciatica electri fied, II. 153. 
Scropbulous tumors electtified, II. 151. 
RY wax hs mak into fine threads by means of EleQri- 


"city, 
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city, after being excited, it is not inſtantly 
. Electricity by water, II. 87. K 


Secretions promoted by electrization, 87. 


Security for buildings 3 the lightning, 80; for a 
veſſel, 83; perſonal, 84. N 
Senſations occaſioned by Electricity, 1 30. II. 275. 


Shack, what, 53, 59, 246; perſons differently affected 
by it, 593 how increaſed, 60; effects produced dy it 
in water, 62, 272, 273, 288; its effects on animals 
and vegetables, 62, 353 ; its effects on electrics, 62, 
63; its direction, 62; it fuſes meals, 63,64. II. 277, 
282; it marks glaſs with the priſmatic colours, 633 
detaches a duſt from imperfect metals, 64, ; revivi- 
fies metallic calces, 65 ; ſpots marked by it on me- 
tals, 67, 68; it paſſes over the ſurface of certain 
ſubſtances, 68; its action and colour, when taken in 
different ſorts of elaſtic fluids, 69, 70. II. 2783 
ſtrong ones are not beneficial in Medical Electricity, 
89, 94; to be felt by many perſons at the ſame 
inſtant of time, 246; it may be given only to a 
particular part of the body, 246. II. 124. 

Silks of different colours acquire different Electricities, 
326, | hd 

Silurus electricus, its properties, II. 287, 

Skin, a rabbit's, its Electricity, II. 66, 

Smell produced by a ſhock, 263. 

« Smoke is a conductor, 321 ; atmoſphere of, 328, 

Sore throat cured by electrization, II. 168. 


Spark 2, 17, 41; taken upon an animal bod 

* hun X. ſubſtances, 67, II. — — 
longeſt, from whence may be taken, 145, 224, 
226 ; experiment of drawing it, 223; its appear- 
ance, 2243; its direction is Jecaiefa „2253 its ap 
pearance in Mr. Nairne's machine, 225; may bi 
rendered viſible in water, 2723 is ſhort and pun- 
gent from the ſtring of an 2 kite, II. 38.; 
ength of in the machine of Hatlem, II. 276. 

Stathous air, effects produced by the electric ſparks on 
it, II. 281. 3 | 2 

| Specks, 


2 


I-33. F. 


Specks, black, contracted by the cylinder of an electrical 
machine, 185 ; ſeveral obſerved on the ſkin of the 
electric fiſhes, II. 289. 


Spider, electrical, an experiment ſo called, 340. 
Spiders web, ſenſation ſo called, 47. II. 275. 
Spiral tube deſcribed, 341. 

Spirits inflamed by means of Electricity, 228. 


Spout, water, ſuppoſed to be an electrical phenomenon; 
753 imitated by means of Electricity, 288. 


Star of electtie light, 17, 99, 219. 
Stream from a wooden point, is uſefully employed in 


Medical 1 II. 126 ; from a metal point 
alſo uſeful in Medical Electricity, II. 127. 


String proper for an electrical kite, II. 6. 
Stroke, returning, what, II. 221. 

Sugar illuminated by a ſhock, 265. 
Sulphur excited by melting, &c. 25. 


Stellings electrified, II. 146 ; white, cured by means of 
Electricity, II. 147. 


Syphon electriſied, 337. 


. 
Thermometer, electrical air, 274 ; raiſed by means of 
Electricity, 344. | 


Thunder is an electrical phenomenon, 72; imitated, 7% 
290; in what manner it happens, 74. 


Thunder-houſe deſcribed, 302. 
Tooth. ache eleQtrified, II. 146. 
elo, its properties, II. 287, 294; deſcribed, II. ; 
" ffedts — II. 298. my mo 
Tourmalin, what, 28 ; its properties, 29. 
Track marked upon glaſs, and other bodies, by the ex- 
ploſion of a jar, 65. 


Tubes of glaſs uſeful to an electrician, 146 ; ſma!l ones 
broken by a ſhock, 270, 351 ; perforated by ſparks, 
342; incloſing quickſilver, their properties, II. 69. 


7 V. Vacuum, 


IN D E X. 


V. 


Vacuum, its properties reſpecting Electricity, 11, 12 ; 
Leyden, 2613 experiment made in it by the author, 
II. go. 

Vapour of hot water is a conductor, 32 r. 


Varniſb is not proper for the purpoſe of coating the 
inſide of electric jars, II. 68. 


Vegetable life, in what manner is affected by Electricity, 45. 

Velocity ſuppoſed to be acquired by the electric fluid in 
going through long Conductors, II. 232. 

Venereal diſeaſe electrified, II. 158. 

Veſſeli, in what manner may be ſecured againſt the light- 
ning, 8 3. | 

Vindicating Electricity, 360; negative, what, IL 197; 
poſitive, what, II. 198. 

Vireous Electricity, what, 19. 

Vitrialic-acid-air, effects produced by the electric ſparks 
on it, II. 280. 

Ulers electrified, II. 149. 

W. 

Mater, ſparks may be rendered viſible in it, 272; how 
affected by a ſhock, 62, 272, 273, 288 ; ſpout imi- 
tated, 288 ; concuſſion given to it by a ſhock, 320 ; 
illuminated by a ſhock, 336. 

Wax excited by melting, 26; is apt to attract the aſhes 
when melted by the wax-chandlers, 129 ; ſealing, 
ſee Sealing-wax, 

Well, electric, what, and its properties, 201. 


hirliuind, ſuppoſed to be an electrical phenomenon, 
75; imitated, 289. 

IWires, metallic, melted by Electricity, 310. II. 282; 
may be lengthened and ſhortened, by means of 
Electricity, 312 ; particular ſort of conducting ones 
uſeful in Medical Electricity, II. 130, WS, 
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PATENT OFFICE L1BRARY 


ADDITIONS. 


H E mineral acids are much better 2 
than other liquids, and the conducting power o 
water is conſiderably increaſed by the admixture even of 


a ſmall quantity of any of them. 

Quickſilver excites glaſs negatively. 

very good tourmalins, it is ſaid; have been found in 
the mountains of Saxony, near Freyberg. 

To Chap. V. Exp. I— The pin or pointed body that 
is preſented to the rubber muſt not be very ſharp ; other - 
wiſe the pencil of light is rarely obſerved. 


To Vol. II. p. 82.—The lower extremity of the ſilver 
wire muſt be formed into a globule, in order to prevent 
the corks getting off. This is eaſily done, by putting 
the extremity of the wire in the flame of a candle. 


— —— U —— 


ERRATA. CORRIGE. 
Page. Line. 
Vol. I. 75. 11. accentions accenſiont. 
| 110. 25. wil \ will, 
141. 4. rit\vfes radii, 
173. 8. flided ſid. 
Vol. II. 279. 12+.0u out. 
nr a 1 


« it 


DIRECTIONS +6 TAE BINDER. 


Take care to place the Plates I. and II. at the end of 
Vol. I. and the Plates III. IV. and V. at the end 
ef Vol. . 
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